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<S) REMEDY FOR OSTEOPOROSIS AND DIAZEPINE COMPOUND. 

@ A remedy for osteoporosis containing a diazepine connpound represented by general fornnula (I) or a 
pharmaceutically acceptable salt thereof as the active ingredient; a method of treating osteoporosis by 
administering the above compound; and the use of the compound for preparing a remedy for osteoporosis in 
formula (I) Ar represents aryl or heteroaryl; X represents oxygen or sulfur; W represents -N(R2^)-, -O- or -S-; Q 
represents a ring selected among (a), (b), (c) and (d), X and Y may be combined together to form = N-N = C(R^)- 
, =N-C(R^) = C(R^)-, =C(R^)-N = C(R^)-, = N-O-CO- or = N-N(R5)-C0-. 





( 1 ) 
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Technical Field 

The present invention relates to a therapeutic agent for osteoporosis containing, as an active ingredient, 
a certain azepine connpound having superior bone resorption-inhlbltory activity, a novel diazepine com- 
5 pound, a nnethod for treating osteoporosis and use of said connpound. 

Background Art 

The osteoporosis Is a syndronne which develops a symptom wherein a bone mass per unit volume is 
10 unusually decreased without causing any change in the chemical composition (ratio between organic 
substance and mineral substance) of the ossein per se and physiologically characterized by a decrease in 
protein, calcium and phosphorus in the bone. 

The decrease In bone mass as a symptom Includes that caused by physiological aging. Accordingly, 
the definition of the disease will be a remarkable decrease in bone mass which is greater than that caused 
75 by the physiological aging and the manifestation of clinical symptoms such as dorsolumbar pain, pathologic 
fracture, vertebral deformation and the like. 

The osteoporosis proceeds with aging and generally damages vertebra and causes dorsolumbar pain 
and shortening of the height. In a very advanced case, long bone is also damaged to sometimes cause 
fracture. The femoral fractures seen in old people are said to be mostly due to senile osteoporosis. 
20 The causes of the osteoporosis are diverse and include abnormal Internal secretion Inclusive of 
menopause, nutritional disorder and so on. The vitamin D preparations, calcium preparations, calcitonin 
preparations, bisphosphonate preparations and so on conventionally used for treating osteoporosis suffer 
from limitation on administration targets and unconclusive effects. As regards female hormone preparations, 
its dependable effects are associated with severe side effects such as genital cancer caused by a long-term 
25 use of the preparation. 

Hence, the development of a therapeutic agent for osteoporosis, having reliable effects and high safety 
is strongly demanded. 

In recent years, thlonaphthene-2-carboxyllc acid derivative and 3-phenyl-4H-1-benzopyran-4-one deriva- 
tive (isoflavone derivative) having a completely different chemical structure from the aforementioned 

30 preparations have been reported to have bone resorption-inhibitory activity and to be useful as therapeutic 
agents for treating osteoporosis (A. J. Johannesson et al. Endocrinology, //7, p 1508, EP-A-135172, EP-A- 
136569, EP-A-1 46921, US Patent No. 4644012). 

As the derivative having bone resorption-inhibitory activity, (cycloalkylamino)methylenebis(phosphonic 
acid) derivative (US Patent No. 4970335), heterocyclic bisphosphonic acid derivative (US Patent No. 

35 4990503) and benzofuroquinoline derivative (EP-A-3571 72) have been reported. 

As the compounds having a diazepine skeleton, known are benzodiazepine compounds, thienodlazeplne 
compounds, benzotriazolodiazepine compounds, benzimidazolodiazepine compounds and 
thienotriazolodiazepine compounds, having antianxiety, sedative and muscle-relaxing actions. Specific 
examples are bromazepam, clotiazepam, diazepam, flunitrazepam, flurazepam, lorazepam, medazepam, 

40 nitrazepam, oxazepam, azinazolam, alprazolam, brotizolam, estazolam, etizolam, midazolam and triazolam. 

In addition, certain diazepine compounds such as devazepide and L-365260 are known to have 
cholecystokinin (CCK) antagonistic action or gastrin antagonistic action (Japanese Patent Unexamined 
Publication Nos. 63666/1986, 238069/1988 and 223290/1991 and WO89/05812). 

As the compounds having a platelet activating factor (PAF)-antagonlstic action and expected to be an 

45 antiasthma agent and a circulatory drug, known are thienotriazolodiazepine compounds such as 4-(2- 
chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-6,9-dimethyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine, 3- 
(4-(2-chlorophenyl)-6,9-dimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepln-2-yl)propionic morpholide, 
4-(3-(4-(2-chlorophenyl)-9-methyl-6H-thleno[3,2-f][1 ,2,4]trlazolo[4,3-a][1,4]diazepin-2-yl)proplonyl)morpholine, 
4-((6-(2-chlorophenyl)-8,9-dihydro-1-methyl-4H,7H-cyclopenta[4,5]thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]- 

50 diazepin-8-yl)carbonyl)morpholine, 6-(2-chlorophenyl)-8,9-dihydro-1-methyl-N,N-dipropyl-4H,7H-cyclopenta- 
[4,5]thieno[3,2-f][1,2,4]trlazolo [4,3-a][1 ,4]dlazepine-8-carboxamide, 6-(2-chlorophenyl)-3-cyclopropanecar- 
bonyl-8,1 1 -dimethyl-2,3,4,5-tetrahydro-8H-pyrido[4',3*:4,5]thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]dlazeplne, and 
optical isomers thereof (Japanese Patent Unexamined Publication Nos. 87623/1986, 87684/1986, 
176591/1986, 181282/1987, 240686/1987, 33382/1988, 35574/1988, 197484/1989, 98835/1990, 79185/1989, 

55 79186/1989, 85978/1989, 156982/1989, 256681/1990, 49787/1990, 191281/1990, 243691/1990, 
256682/1 990, 275883/1 990, 286684/1 990, 289582/1 990, 1 45437/1 991 , 21 5489/1 991 , 264588/1 991 , 
264589/1 991 , 66585/1 992). 
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As stated above, the therapeutic agents for osteoporosis so far reported do not necessarily exhibit 

satisfactory effects and the development of a compound having superior action is awaited. 

Accordingly, an object of the present invention is to provide a superior therapeutic agent for 
osteoporosis. 

6 Another object of the present invention is to provide a novel compound to be used as an active 
ingredient of a therapeutic agent for osteoporosis. 

A still another object of the present invention is to provide a method for treating osteoporosis and use 
for the treatment of osteoporosis. 



10 Disclosure of the Invention 



The present inventors have conducted intensive studies of bone resorption-inhibitory activity of certain 
azepine compounds in an attempt to develop a superior therapeutic agent for osteoporosis and found that 

the azepine compounds show superior action, which resulted in the completion of the invention. 
75 Accordingly, the present invention relates to a therapeutic agent for osteoporosis, comprising an 
azepine compound of the formula 




30 or a pharmaceutically acceptable salt thereof as an active ingredient, a method for treating osteoporosis 
comprising administering said compound and a use of said compound for the production of a therapeutic 
agent for osteoporosis. 

In the above formula, each symbol is as defined in the following. 
Ar means aryl or heteroaryl; 
35 X is an oxygen atom or a sulfur atom; 

Y is hydrogen, alkyi, alkenyl, alkynyl, -(CH2)aC00Ri 
wherein is hydrogen, alkyI, aryl or aralkyi and a is an integer of 1 to 6, -(CH2)a-cycloalkyl wherein a is an 
integer of 1 to 6, -(CH2)aN(R2)(R3) wherein a is an integer of 1 to 6 and R^ and R^ are the same or different 
and each is hydrogen, alkyI or aralkyi, or form, together with the adjacent nitrogen atom, a heterocycle, 
40 -(CH2)bCON(R^^)(R'^2) therein b is 0 or an integer of 1 to 6, and R*^ and R'^^ g^e the same or different and 
each is hydrogen, alkyI, aryl or aralkyi, or form, together with the adjacent nitrogen atom, a heterocycle, 
-(CH2)aCN wherein a is an integer of 1 to 6, or -(CH2)aCR'^3 wherein a is an integer of 1 to 6 and R"^ is 
halogen, or 

X and Y combinedly form =N-N = C(R^)-, = N-C(R5) = C(R^)-, =C(R5)-N = C(R^)-, =N-0-CO-or =N-N- 
45 (R^)-CO- wherein R^ and R^ are each hydrogen, halogen, alkyI, alkenyl, alkynyl, cycloalkyi, cycloalkylalkyi, 
aryl, heteroaryl, aralkyi, heteroarylalkyi, aryloxyalkyi, -(CH2)aC00R^ wherein a is an integer of 1 to 6 and R^ 
is hydrogen, alkyI, alkenyl or aralkyi, or -(CH2)aNHC0R'^^ wherein a is an integer of 1 to 6 and R^^ is alkyI 
or aralkyi; 

W is -N(R2^)- wherein R^^ is hydrogen or forms a bond with R^^, -O- or -S-; 
50 R^^ is hydrogen or forms a bond with R^^ ; 

R is hydrogen, alkyI, haloalkyi, aryl, heteroaryl, aralkyi, heteroarylalkyi or a group of the formula 
selected from 

-(CH2)bN(R8)(R9) (1) 

55 

-(CH2)bORio (2) 
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Z 
II 

-(CH2)bN(R^MCN(RiM{R'M (3) 



-(CH2)bN(Rio)QORaii (4) 

-(CH2)bN(Ri0)SO2R^^ (5) 

10 

-(CH2)bN(RiO)COOR*5 (6) 



75 

-(CHz )bOCN(R^^ )(R'M (7) 

-(CH2)bOCOR^^ (8) 

20 

-(CH2)bCON(R*7)(R*^) (9) 

-(CH2)bOS02R^^ (10) 

25 -(CH2)bCOR^9 (11) 

-(CH2)bS(0)nRii (12) 

-CON(R^o)OR8 (13) 

30 



-CON(R^°)N(R^°)CRa^^ (14) 

35 

-CON(R^O)N(Rio)S02 Ra^ ^ (1 5) 

40 Z 

II 

~N(R^° )CN(R^° )CORa^^ (16) 
Z 

45 II 

-N(R^°)CN(R^°)S02Ra^^ (17) 

-CON(R10)N(R10)(R^^) (18) 

50 

-(CH2)bN(RiO)COCON(Rii)(Ri2) (-,9) 
and 

55 -(CH2)aC00Ri (20) 

wherein b is 0 or an integer of 1 to 6, Z is an oxygen atom or sulfur atom, R^ and R^ are the same or 
different and each is hydrogen, alkyi, aryl or aralkyi, R^° is hydrogen, alkyi or aralkyi, R^^ and R^^ are the 
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same or different and each is hydrogen, alkyi, cycloalkyi, cycloalkylalkyi, aryl, aralkyi, heteroaryl or 
heteroarylalkyi, Ra^^ is alkyI, cycloalkyi, cycloalkylalkyi, aryl, aralkyi, heteroaryl or heteroarylalkyi, R"^"^ is 
alkyI, aryl, aralkyi, cycloalkyi or heteroaryl, R"^^ is alkyI, aryl or aralkyi, R"^^ is alkyi, alkenyl, alkynyl, 
cycloalkyi, cycloalkylalkyi, aryl, aralkyi, heteroaryl or heteroarylalkyi, R"^^ and R"^^ are the sanne or different 
6 and each is hydrogen, alkyI, acyl, aryl or aralkyi, R^^ is alkyI, aryl, aralkyi, heteroaryl or heteroarylalkyi, n is 
0, 1 or 2, a is an integer of 1 to 6 and R^ is hydrogen, alkyI, aryl or aralkyi; 

R' is hydrogen or -COOR^ wherein R^ is hydrogen, alkyI, aryl or aralkyi, or 

R and R' combinedly form a spiro ring of the formula 

10 



0 R^' 



75 




(CH2 )b'— N / 

\ 

pi 0 



wherein b' is 0 or 1, R^° is hydrogen, alkyI or aralkyi and R^^ jg hydrogen, alkyI, cycloalkyi, cycloalkylalkyi, 
aryl, aralkyi, heteroaryl or heteroarylalkyi; 
ring Q is a ring selected from 

25 




JJIS 



wherein R^^ and R^^ are the same or different and each is hydrogen, halogen, alkyI optionally substituted 
35 by halogen, alkoxy, nitro, amino, amino substituted by alkyI, cyclic amino, hydroxy, acyloxy, cyano, 
carbamoyl, carbamoyl substituted by alky I, cyclic aminocarbonyl, carboxyl, alkoxycarbonyl or aralkyloxycar- 
bonyl, aralkyi, aralkyi substituted by alkyI, alkoxy, nitro, amino, amino substituted by alkyI, cyclic amino, 
hydroxy, acyloxy, cyano, carbamoyl, carbamoyl substituted by alkyI, cyclic aminocarbonyl, carboxyl, 
alkoxycarbonyl or aralkyloxycarbonyl; 
40 R^^ and R^^ are the same or different and each is hydrogen, halogen, alkyI, alkenyl, alkynyl, haloalkyi, 
alkoxy, nitro, amino, amino substituted by alkyI, cyclic amino, hydroxy, acyloxy, cyano, carbamoyl, 
carbamoyl substituted by alkyI, cyclic aminocarbonyl, carboxyl, alkoxycarbonyl, aralkyloxycarbonyl, cycloal- 
kyi, alkylcarbonyl, a group of the formula 

45 R^^-h- 

wherein A is alkylene, alkenylene or alkynylene which may be substituted by 1 to 3 hydroxys and R^^ is 
alkoxy, nitro, amino, hydroxy, acyloxy, cyano, carboxyl, alkoxycarbonyl, aralkyloxycarbonyl, phenyl option- 
ally substituted by 1 to 3 substituents (e.g. halogen, hydroxy, alkyI, alkoxy, aryl, aryloxy, aralkyi, aralkyloxy, 
50 alkenyl or alkynyl having 2 to 18 carbon atoms, which may be substituted by 1 to 3 hydroxys, aralkenyl or 
aralkynyl having alkenyl moiety or alkynyl moiety having 2 to 18 carbon atoms, which may be substituted 
by 1 to 3 hydroxys), a group of the formula 

(R20)(R2i)NCO- or (R20)(R2i)N-SO2- 

55 

wherein and R^^ are the same or different and each is hydrogen, aryl, aralkyi or straight- or branched 

chain alkyI, alkenyl or alkynyl which may be substituted by halogen, hydroxy, nitro, amino or substituted 
amino, or R^^ and R^^ may, together with the adjacent nitrogen atom, form a 3 to 7-membered ring which 
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may be substituted by straight- or branched chain alky! and may have, in the ring, nitrogen, oxygen or 
sulfur atom as a hetero atom (the additional nitrogen atom may be substituted by straight- or branched 
chain alky! having 1 to 4 carbon atoms, aralkyi or diarylalkyi), a group of the formula 

5 (R22)(R23)N- 

wherein R^^ and R^^ are the same or different and each is hydrogen, straight- or branched chain alkyi, 
alkenyl or alkynyl, which may be substituted by halogen, hydroxy, amino, alkylamino, dialkylamino, cyclic 
amino or C-bonded heterocyclic group (carbons may be interrupted by nitrogen, oxygen or sulfur atom), 

10 straight- or branched chain alkylcarbonyl which may be mono- or di-substituted by hydroxy, halogen, 
amino, alkylamino, dialkylamino, cyclic amino or straight- or branched chain alkyI (this alkyI may be 
substituted by halogen or hydroxy), arylcarbonyl, arylsulfonyl, alkylsulfonyl, or R^^ and R^^ may form, 
together with the adjacent nitrogen atom, a saturated or unsaturated 3 to 7-membered ring which may be 
substituted by straight- or branched chain alkyI and may have, in the ring, nitrogen, oxygen or sulfur atom 

75 as a hetero atom (each additional nitrogen atom may be substituted by straight- or branched chain alkyI), a 
group of the formula 

/ — \ 

\ / 



25 



30 



35 



40 



45 



wherein R^^ is aryl, aralkyi, arylcarbonyl, a group of the formula 



Z 5 




wherein R^^ and R^^ are the same or different and each is hydrogen, halogen, haloalkyi, amino, nitro, 

cyano, hydroxy, alkyI or alkoxy and B is hydrogen, hydroxy or esterified hydroxy, or alkyI having hydroxy 
and/or carbonyl and is CH or nitrogen atom, or a group of the formula 



R 



2 7 



R 



2 8 




50 wherein R^^ and R^^ are the same or different and each is hydrogen, halogen, haloalkyi, amino, nitro, 
cyano, hydroxy, alkyI or alkoxy, a group of the formula 

R29-(CH2)d-C=C- 

55 wherein R^^ is aryl or optionally hydrogenated heteroaryl and d is 0, 1 or 2, a group of the formula 
R29-0-(CH2)e-C=C- 
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wherein R^^ is as defined above and e is 1 or 2, or a group of the formula 



R'O-CX" )m-N 



\ 



/ 




wherein X° is -0C0-, -CO- or -N(R^^)CO- where R^^ is hydrogen or alkyi, m is 0 or 1, is alkyi, alkynyl, 
2-phenylethynyl, 2-thienylsulfonyl, -(CH2)aCN where a is an integer of 1 to 6, - (CH2)b-R^2 where b is 0 or 
an integer of 1 to 6 and R^^ is cycloalkyi, morphlino, thienyl, alkoxy, aryl, imidazolyl or tetrahydropyranyl or 
-S02N(R^^)(R^'^) where R^^ and R^"^ are the sanne or different and each is hydrogen, alkyi, or R^^ and R^"^, 
with the adjacent nitrogen atom, fornn a heterocycle, or 

adjacent R^^ and R^^ nnay connbinedly fornn a saturated or unsaturated 5, 6 or 7-membered ring which 
is condensed to thiophene ring, said ring being optionally substituted by a substituent Ra^^ selected from 
hydrogen, halogen, alkyi, a group of the formula R^^-A- wherein each symbol is as defined above and a 
group of the formula (R2°)(R2i)NCO- or (R20)(R2i)N-SO2- wherein each symbol is as defined above, or R^^ 
and R^^ may combinedly form a 5, 6 or 7-membered hetero ring which may have oxygen, sulfur or -N- 
(Rb^^)- as a hetero atom. 

Examples of Rb^^ include hydrogen, alkyi, alkenyl, alkynyl, cycloalkyi, alkoxycarbonyl, alkanoyi, aroyi, 
cycloalkylcarbonyl, cycloalkoxycarbonyl, cycloalkylalkylcarbonyl, cycloalkylalkoxycarbonyl, cycloal- 
kylaminocarbonyl, a group of the formula R''^-A- wherein each symbol is as defined above, a group of the 
formula (R2°)(R2i)NCO- wherein each symbol is as defined above, a group of the formula (R2°)(R2i)N-S02- 
wherein each symbol is as defined above, a group of the formula Ra2^-S02- wherein Ra^^ is alkyi, phenyl, 
phenyl substituted by halogen, alkyi, alkoxy, carboxy, alkylsulfonyl, alkylthio, haloalkyi or optionally 
substituted phenoxy, heteroaryl or naphthyl, a group of the formula 



wherein is oxygen atom or sulfur atom and Rb^^ is alkenyl, alkyi, cycloalkyi, aryl, aralkyi, heteroaryl, 
heteroarylalkyi, phenyl substituted by 1 to 3 substituents selected from alkyi, alkoxy, aryloxy, alkylsulfonyl, 
halogen and haloalkyi, quinolyl or sulfonyl substituted by phenyl, heteroaryl or naphthyl, or a group of the 
formula 



wherein is oxygen atom or sulfur atom and Rc^^ is alkyi, phenyl substituted by phenyl, halogen, alkyi, 
alkoxy, haloalkyi or optionally substituted phenoxy, or heteroaryl. 

In the above definitions, aryl, aryloxy, aryloxyalkyi, arylcarbonyl, arylsulfonyl, aralkyi, aralkyloxy, 
aralkyloxycarbonyl, aralkenyl, aralkynyl, diarylalkyi, heteroaryl and heteroarylalkyi may have, on the ring, 1 
to 3 substituents selected from halogen, alkyi, alkoxy, haloalkyi, hydroxy, nitro, amino, cyano and acyloxy. 
Cycloalkyi of cycloalkyi, cycloalkylalkyi, cycloalkylcarbonyl, cycloalkylalkylcarbonyl, cycloalkoxycarbonyl, 
cycloalkylalkoxycarbonyl and cycloalkylaminocarbonyl may have 1 to 3 substituents selected from halogen, 
alkyi, alkoxy, haloalkoxy and aryl. 

Furthermore, the present invention provides a diazepine compound of the formula 



Rb^^-NH-C- 



RC^^-S-CHz-C- 

II 
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(HA) 



wherein R^^ js optionally substituted phenyl or optionally substituted phenylalkyi and other symbols are as 

defined above, a pharmaceutically acceptable salt thereof, a diazepine connpound of the formula 




(m A ) 



(CHz )aN(R3^ ) (R^M 

wherein a is an integer of 1 to 6, R^^ and R^^ are the same or different and each is alkyi or aralkyi or R^^ 

and R3^ may combinedly form a 5 to 7-membered ring which may have, in the ring, nitrogen, sulfur or 
oxygen atom, the ring is 




wherein R^^ and R^^ are as defined above, and other symbols are as defined above, and a pharmaceuti- 
cally acceptable salt thereof. 

In addition, the present invention provides a benzotriazolodiazepine compound of the formula 



Ar 

15/ 




(IB) 



wherein R^^' is alkyI or aralkyi having 8 to 15 carbon atoms, R^^' is hydrogen and other symbols are as 
defined above, a pharmaceutically acceptable salt thereof, a benzotriazolodiazepine compound of the 
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formula 



Ar 



10 




R 



R' 



(lEB) 



75 



wherein R" is a group of the formula selected from 

-CON(R^0(R'^^) (9') 
20 -CON(Rio)OR8 (13) 



25 



30 



z 

II 

-CON(R'MN(R^° )CRa 

Z 

II 

-N(R^° )CN(R^° )CORa 



1 1 



1 1 



(14) 



(16) 



35 



z 

1! 

-N(R^° )CN(R^° )S02Ra 



1 1 



(17) 



40 



-CON(R10)N(R10)(R11) (18) 



and 



-N(RiO)CON(RiO)Py (21) 



45 wherein Py is optionally substituted pyridyl and other symbols are as defined above, R' is hydrogen or R" 
and R' may combinedly form a spiro ring of the formula 



0 



50 




N 



/ 



R 



1 z 



55 



(CHz )b'— N 




0 



\ 



R 



1 0 
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wherein each symbol is as defined above, and other synnbols are as defined above, and a pharnnaceutically 

acceptable salt thereof. 

The preferable modes of the present invention include the following. 

(1) A therapeutic agent for osteoporosis containing, as an active ingredient, a compound of the formula 

(1) wherein W is -N(R3^)- where R^^ forms a bond with R^^, or a pharmaceutically acceptable salt thereof, 

a method for treating osteoporosis by the administration of said compound and a use of said compound 
for producing a therapeutic agent for osteoporosis. 

(2) A therapeutic agent for osteoporosis containing, as an active ingredient, a compound of the formula 
(I) wherein W is -N(R3S)- where R^^ forms a bond with R^^ and X and Y combinedly form =N-N = C(R^)- 
where is as defined above, or a pharmaceutically acceptable salt thereof, a method for treating 
osteoporosis by the administration of said compound and a use of said compound for producing a 
therapeutic agent for osteoporosis. 

(3) A therapeutic agent for osteoporosis containing, as an active ingredient, a compound of the formula 
(I) wherein W is -N(R2^)- where R^^ forms a bond with R^^ and X and Y combinedly form =N-N = C(R^')- 
where R^ ' is all<yl having 6 to 20 carbon atoms, or a pharmaceutically acceptable salt thereof, a method 
for treating osteoporosis by the administration of said compound and a use of said compound for 
producing a therapeutic agent for osteoporosis. 

(4) A therapeutic agent for osteoporosis containing, as an active ingredient, a compound of the formula 
(I) wherein the ring Q is 




wherein R''^ and R""^ are as defined above, or a pharmaceutically acceptable salt thereof, a method for 
treating osteoporosis by the administration of said compound and a use of said compound for producing 
a therapeutic agent for osteoporosis. 

(5) A therapeutic agent for osteoporosis containing, as an active ingredient, a compound of the formula 

(I) wherein W is -N(R3^)- where R^^ forms a bond with R^^, R is alkyi, aryl, heteroaryl, aralkyi, 
heteroarylalkyi or a group of the formula selected from 

-(CH2)bN(R8)(R9) (1) 
-(CH2)bORi° (2) 

Z 

-(CH2)bN(R^°)CN(RiM(R'M O) 

-(CH2)bN(R^0)CORaii (4) 
-(CH2)bN(Ri0)SO2R^^ (5) 
-(CH2)bN(RiO)COOR^^ (6) 

z 

I' 

-(CH2)bOCN(R^^ )(R'M (7) 

-(CH2)bOCOR^^ (8) 
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-(CH2)bCON(R^7)(R^8) (9) 

-(CH2)bOS02R^^ (10) 

-(CH2)bCOR*9 (11) 

-(CH2)bS(0)nRii (12) 

-CON(R^o)OR8 (13) 



z 

-CON(R^° )N(R'° )CRa^' (14) 

-CON(Ri 0 )N{Ri 0 )S02 Ra^ ^ (1 5) 

Z 

'I 

-N(R^°)CN(R^°)CORa^^ (16) 
Z 

-N(R^°)CN(R^°)S02Ra^^ (17) 

-CON(RiO)N(R^O)(RiO (18) 
-(CH2)bN(RiO)COCON(Rii)(Ri2) (19) 

and 

-(CH2)aC00Ri (20) 

wherein each symbol is as defined above and the ring Q is a group of the formula 



R18 



wherein each symbol is as defined above, or a pharmaceutically acceptable salt thereof, a method for 
treating osteoporosis by the administration of said compound and a use of said compound for producing 
a therapeutic agent for osteoporosis. 

(6) A therapeutic agent for osteoporosis containing, as an active ingredient, a compound of the formula 

(I) wherein W is -N(R2^)- wherein R^^ forms a bond with R^^, R is alkyi, aryl, aralkyi or a group of the 
formula selected from 

-(CH2)bN(R8)(R9) (1) 



Z 

II 

-(CHa )bN(R^MCN(R^ M(R'M 



(3) 



12 



EP 0 638 560 A1 



-(CH2)bN(R^0)QORaii (4) 

-(CH2)bN(Ri0)SO2R^^ (5) 
-(CH2)bN(R^0)COOR*5 (6) 



-(CH2)bOCN(R^M(R^M C^) 

-(CH2)bCON(R^7)(R'^^) (9) 
-(CH2)bOS02R^^ (10) 
-(CH2)bCOR*3 (11) 
and 

-(CH2)aC00Ri (20) 

wherein each symbol Is as defined above and the ring Q Is a group of the formula 

R18 



wherein each symbol is as defined above, or a pharmaceutlcally acceptable salt thereof, a method for 
treating osteoporosis by the administration of said compound and a use of said compound for producing 

a therapeutic agent for osteoporosis. 

(7) A therapeutic agent for osteoporosis containing, as an active ingredient, a compound of the formula 
(I) which is selected from: 

9-tert-butyl-4-(2-chlorophenyl)-2-(2-(4-lsobutylphenyl)ethyl)-6-methyl-6H-thieno[3,2-f][1,2,4]trlazolo- 
[4,3-a][1 ,4]dlazepine, 

3- [4-(2-chlorophenyl)-6,9-dimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]dlazepin-2-yl]propionic 
morpholide, 

4- (2-chlorophenyl)-6,9-dimethyl-2-(3-morphollnopropyl)-6H-thleno[3,2-f][1,2,4]triazolo[4,3-a][1,4]- 

diazepine, 

4-(2-chlorophenyl)-2-(2-(4-lsobutylphenyl)ethyl)-9-methyl-6-propyl-6H-thleno[3,2-f][1,2,4]triazolo[4,3- 
a][1 ,4]diazepine, 

4-(2-chlorophenyl)-6-isobutyl-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3- 
a][1 ,4]diazepine, 

4-(2-chlorophenyl)-2-(2-(4-lsobutylphenyl)ethyl)-9-methyl-6-phenyl-6H-thleno[3,2-f][1,2,4]triazolo[4,3- 
a][1 ,4]diazepine, 

6-benzyl-4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-6H-thleno[3,2-f][1,2,4]triazolo[4,3- 
a][1 ,4]diazepine, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)-2- 
Indolecarboxamide, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)-3- 

Indoleacetamide, 

6-benzoylamino-4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]- 
dlazeplne, 

4-(2-chlorophenyl)-2-ethyl-9-methyl-6-(3-(3-tolyl)ureido)-6H-thleno[3,2-f][1,2,4]triazolo[4,3-a][1,4]- 

diazepine. 

8S-( + )-6-(2-chlorophenyl)-3-cyclopropanecarbonyl-8,1 1 -dlmethyl-2,3,4,5-tetrahydro-8H-pyrido- 
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[4*,3*:4,5]thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine, 

6-(2-chlorophenyl)-8,9-dihydro-1,4-dimethyl-8-morpholinocarbonyl-4H JH-cy^ 

[1 ,2,4]triazolo[4,3-a][1 ,4]diazepine, 

(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)a acid, 
N-(2-methoxyphenyl)-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2 

diazepin-6-yl)-acetannide, 

N-phenyl-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-^^ 

acetamide, 

fsj-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepi 

toluenesulfonamide, 

(4-(4-methoxyphenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazo!o[4,3-a][1,4]d 
methylphenyl)carbamate, 

4-(2-chloropheny!)-2-ethyl-9-methy!-6-pheny!acetylamino-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]- 
dlazepine, 

N-(4-chlorophenyl)-N'-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2^ 
diazepin-6-yl)urea, 

N-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]di 

methoxyphenyl)urea, 

N-(4-(4-chlorophenyl)-2-hexyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diaze 
methylphenyl)urea, 

N-(4-(2-chlorophenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazo!o[4,3-a][1,4]d 

methylphenyl)urea, 

N-(4-(2-chlorophenyl)9-cyclohexyl-2-ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4 
(3-methoxypheny!)urea, 

N-(2-ethyl-9-methyl-4-(4-methylphenyl)-6H-thieno[3,2-f][1,2,4]tnazolo[4,3-a][1^ 

methylphenyl)urea, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1.2,4]triazolo[4,3-a][1,4]di^ 
phenylurea, 

N-(2-ethyl-9-methyl-4-phenyl-6H-thieno[3.2-f][1,2,4]trlazolo[4,3-a][1,4]diazepin-6-^ 
methylphenyl)urea, 

N-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1.4]di^^^ 
methoxyphenyl)urea, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]trlazolo[4,3-a][^ 
phenylthiourea, 

N-(2-butyl-4-(4-chlorophenyl)-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,^ 
methylphenyl)urea, 

N-(4-(2-chlorophenyl)-2-ethyl-9-cyclohexyl-6H-thieno[3,2-f][1,2,4]trlazolo[4,3-a][1,4]diaze 
(2-methylphenyl)urea, 

4-(4-chlorophenyl)-2-ethyl-9-methyl-6-(3-phenylpropyl)-6H-thieno[3,2-f][1,2,4]tn 
diazepine, 

2-ethyl-4-phenyl-9-undecyl-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4-c][1 ,4]oxazepine, 
6-(2-chlorophenyl)-1 -undecyl-7,8,9,1 0-hexahydro-4H,6H-triazolo[3,4-c][1 ]benzothieno[2,3-e][1 ,4]- 
oxazepine, 

4-(2-chlorophenyl)-2-(2-(4Hsobutylphenyl)ethyl)-9-methyl-4H,6H-thieno[2,3-e][1^ 

oxazepine, 

4-(4-chlorophenyl)-2-ethyl-9-(3-(4-isobutylphenyl)propyl)-4H,6H-thieno[2,3-e][1,2,4]tri^ 
oxazepine, 

2-ethyl-9-heptyl-4-(4-methoxyphenyl)-4H,6H-thieno[2,3-e][1,2,4]triazolo[3,4-c][1,4]oxazepine, 

2-ethyl-4-(4-methylphenyl)-9-undecyl-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4-c][1 ,4]oxazepine, 
2-ethyl-4-(4-hydroxyphenyl)-9-undecyl-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4-c][1 ,4]oxazepine, and 
2-ethyl-4-(4-(2-dinnethylanninoethoxy)phenyl)-9-undecyl-4H,6H-thieno[2,3-e](1 ,2,4]triazolo[3,4-c][1 ,4]- 
oxazepine or a pharnnaceutically acceptable salt thereof, a nnethod for treating osteoporosis by the 
administration of said compound and a use of said compound for producing a therapeutic agent for 
osteoporosis. 

(8) A therapeutic agent for osteoporosis containing, as an active ingredient, a compound of the formula 
(I) wherein the ring Q is a group of the formula 
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R 



R 



1 5 



1 6 




wherein R^^ and R^^ are as defined above, or a pharmaceutically acceptable salt thereof, a method for 
treating osteoporosis by the adnninistration of said connpound and a use of said compound for producing 
a therapeutic agent for osteoporosis. 

(9) A therapeutic agent for osteoporosis containing, as an active ingredient, a compound of the formula 
(I) wherein the ring Q is a group of the formula 



R 



R 



1 5 



1 6 




wherein R^^ and R^^ are as delined above, W is -N(R2^)- where R^^ is hydrogen or forms a bond with 
R^^ or -0-, R is hydrogen, heteroarylalkyi or a group of the formula selected from 



-(CH2 )bN(R^° )CN(R^ M (R' M 



(3) 



-(CH2)bN(Ri0)SO2R^^ (5) 



-(CH2)bN(RiO)COOR^' 



(6) 



z 

II 

-(CH2 )bOCN(R^^ )(R'M 



(7) 



-(CH2)bOCOR^^ (8) 



-(CH2)bCON(R^7)(R'^^) (9) 



-(CH2)bOS02R^* (10) 
-CON(Rio)ORS (13) 



z 

I! 

-CON(R'° )N(R^° )CRa 



1 1 



(14) 



Z 
II 

-NCR^" )CN(R' " )CORa 



1 1 



(16) 



-N(R^° )CN(R^° )SOzRa 



1 I 



(17) 



and 
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-CON(R^0)N(R^0)(R^^) (18) 

wherein each symbol is as defined above, and R' is hydrogen or -COOR^ wherein R^ is as defined 
above, or R and R* combinedly form a spiro ring of the formula 



wherein each symbol is as defined above, or a pharmaceutically acceptable salt thereof, a method for 
treating osteoporosis by the administration of said compound and a use of said compound for producing 
a therapeutic agent for osteoporosis. 

(10) A therapeutic agent for osteoporosis containing, as an active ingredient, a compound of the formula 
(I) which is selected from 

6-(4-chlorophenyl)-1 -undecyl-4H,6H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzoxazepine, 

8- decyl-1 ,4-dimethyl-6-phenyl-4H[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 

9- decyl-1 ,4-dimethyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
6-(4-chlorophenyl)-1 -undecyl-4H[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
6-(4-chlorophenyl)-1 -undecyl-4H,5H,6H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
6-(4-chlorophenyl)-1-(3-(isobutylphenyl)propyl)-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
N-benzoyl-N'-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N'-(2-pyridyl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N*-(3-pyridyl)urea, 
N-(8-chloro-1-methyl-6-phenyl-4H-[1,2,4]trlazolo[4,3-a][1,4]benzodlazepln-4-yl)-N'-(2-methoxyphenyl)- 

urea, 

N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(2- 
methoxyphenyl)urea, 

N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodlazepin-4-yl)-N'-(3-tolyl)urea, 
N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-phenyl- 
oxalyldiamide, 

N-(1-methyl-6-(2-thieny!)-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N'-(3-tolyl)urea, 

6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine-4-spiro-5'-(3'-(3-tolyl)-2',4'- 
dioxolmidazolidine), 

N-(6-(4-chlorophenyl)-4-ethoxycarbonyl-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)N'- 
(3-tolyl)urea, 

(1-methyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl-p-toluenesulfonate 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)methyl-N'-(2- 
methoxyphenyl)urea, 

N-[6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)methyl]-N'-(3-tolyl)- 

urea, 

N-(3-tolyl)-0-((1-methyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl)carbamate, 
N-(2-methoxyphenyl)-0-((1-methyl-6-phenyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)methyl)- 
carbamate, 

(1-methyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl phenylacetate, 
6-(4-chlorophenyl)-4-(3-indolylmethyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-0-benzyl carbamate, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)benzylsulfonamide, 
(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)carbohydrazide, 
N'-p-tosyl-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 




\ 



1 0 
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carbohydrazide, 

0-benzyl-N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodlazepin-4-yl)- 
carbohydroxamate, 

N-benzyl-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine-1 -yl)carboxamide, 
N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl-2- 

indolecarboxamide, 

N-benzyl-N'-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N'-(cyclohexyl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]trlazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-2-indolecarboxamide, 
8-chloro-6-(2-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
8-chloro-6-phenyl-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, and 
8-chloro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine 
or a pharmaceutically acceptable salt thereof, a method for treating osteoporosis by the administration of 
said compound and a use of said compound for producing a therapeutic agent for osteoporosis. 
(11) A benzotriazolodiazepine compound selected from 

8- decyl-1 ,4-dimethyl-6-phenyl-4H-[1 ,2,4]triazol[4,3-a][1 ,4]benzodiazepine, 

9- decyl-1 ,4-dimethyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
N-benzoyl-N'-6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)urea, 
N-(p-tosyl)-N'-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N'-(2-pyridyl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]trlazolo[4,3-a][1 ,4]benzodlazepln-4-yl)-N'-(3-pyridyl)urea, 
N-(6-(4-chlorophenyl)-1 -methyl-4H[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-phenyl- 

oxalyldiamide, 

N-(1-methyl-6-(2-thienyl)-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N'-(3-tolyl)urea, 
6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepine-4-spiro-5'-(3'-(3-tolyl)-2*-4^ 

dioxoimidazolidine), 

N'-phenyl-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 
carbohydrazide, 

N'-benzoyl-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 
carbohydrazide, 

0-benzyl-N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 
carbohydraxamate, 

N-benzyl-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)carboxamlde, 
6-(4-chlorophenyl)-1 -undecyl-4H,5H,6H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
(1-methyl-6-phenyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)methyl-p-toluenesulfonate, 
(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)carbohydrazide, 
N'-p-tosyl-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 
carbohydrazide, 

N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl-2- 
indolecarboxamide, 

N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(cyclohexyl)urea, 

and 

N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-2-indolecarboxamide 
or a pharmaceutically acceptable salt thereof. 

As used herein, each substituent is defined as follows. 

Aryl in Ar, R^ and is phenyl which may have, on the ring, 1 to 3 substituents selected from 
halogen (chlorine, bromine, fluorine), alkyi (alkyi having 1 to 6 carbon atoms such as methyl, ethyl, propyl, 
isopropyl, butyl, tert-butyl, isobutyl, pentyl, isopentyl and hexyl), alkoxy (alkoxy having 1 to 6 carbon atoms 
such as methoxy, ethoxy, propoxy, isopropoxy, butoxy, tert-butoxy and hexyloxy), haloalkyi (that wherein 
alkyi moiety is C1-C4 alkyi, such as chloromethyl, bromomethyl, fluoromethyl, trifluoromethyl, trifluoroethyl, 
pentafluoropropyl and chlorobutyl), hydroxy, nitro, amino, cyano, acyloxy (e.g. that wherein acyl moiety is 
alkanoyi having 2 to 5 carbon atoms, such as acetyl, propionyl, butyryl and pivaloyi, or aroyi (e.g. benzoyl 
which may have, on the ring, 1 to 3 substituents selected from halogen (as defined above), alkyi (as defined 
above), alkoxy (as defined above), haloalkyi (as defined above) and hydroxy, such as benzoyl, chloroben- 
zoyl, methylbenzoyi and methoxy benzoyl) and aralkyi (that wherein alkyi moiety has 1 to 6 carbon atoms, 
which may have, on the ring, 1 to 3 substituents selected from halogen (as defined above), alkyi (as defined 
above), alkoxy (as defined above), and hydroxy, such as benzyl, 2-phenylethyl and 3-phenylpropyl). 
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Heteroaryl of Ar is pyridyl or thienyl which may have, on the ring, 1 to 3 substituents selected fronn 
halogen (chlorine, bromine, fluorine), alkyi (alkyi having 1 to 6 carbon atoms such as methyl, ethyl, propyl, 
isopropyl, butyl, tert-butyl, isobutyl, pentyl, isopentyl and hexyl), alkoxy (alkoxy having 1 to 6 carbon atoms 
such as methoxy, ethoxy, propoxy, isopropoxy, butoxy, tert-butoxy and hexyloxy), haloalkyi (that wherein 
alkyi moiety is alkyi having 1 to 4 carbon atoms, such as chloromethyl, bromomethyl, fluoromethyl, 
trifluoromethyl, trifluoroethyl, pentafluoropropyl and chlorobutyl), hydroxy, nitro, amino, cyano, acyloxy (e.g. 
that wherein acyl moiety is alkanoyi having 2 to 5 carbon atoms, such as acetyl, propionyl, butyryl and 
pivaloyi, or aroyi such as benzoyl which may have, on the ring, 1 to 3 substituents selected from halogen 
(as defined above), alkyi (as defined above), alkoxy (as defined above), haloalkyi (as defined above) and 
hydroxy, such as benzoyl, chlorobenzoyi, methylbenzoyi and methoxybenzoyi). 

Unless otherwise specified, as used in the present specification, alkyi means straight or branched alkyi 
having 1 to 20 carbon atoms, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, tert- 
pentyl, hexyl, heptyl, octyl, 2-ethylhexyl, 2,2-diethyloctyl, 1 ,1 ,3,3-tetramethylbutyl, nonyl, decyl, undecyl, 
dodecyl, tetradecyl, pentadecyl, octadecyl, heptadecyl and eicosyl. The preferable carbon number of the 
alkyi is 1 to 6. 

Unless specifically indicated, alkenyl means that having 2 to 20 carbon atoms, such as vinyl, propenyl, 
2-methyl-1-propenyl, 3-methyl-1-butenyl, 2,3-dimethyl-1-butenyl, 3,4,5-trimethyl-1-butenyl, 3-butenyl, 3-hex- 
enyl, 5-dodecenyl, 6-ethyl-3-decenyl, 11 ,11-dimethyl-7-tetradecenyl, 1 4-octadecenyl and 8-eicosenyl. The 
preferable carbon number of the alkenyl is 2 to 8. 

Unless specifically indicated, alkynyl means that having 2 to 20 carbon atoms, such as 1-propynyl, 3- 
methyl-1-butynyl, 1 ,4-dimethyl-1-hexynyl, ethynyl, propargyl, 3-hexynyl, 3,4-diethyl-1-octynyl, 5-dodecynyl, 
6-ethyl-3-decynyl, 1 1 ,1 1-dimethyl-7-tetradecynyl, 1 4-octadecynyl and 8-eicosynyl. The preferable carbon 
number of the alkynyl is 2 to 8. 

AralkyI is that where aryl moiety is phenyl and alkyi moiety is C1-C6 alkyi and exemplified by benzyl, 
phenylethyl, phenylpropyl, phenylbutyl and phenylhexyl, which may have, on the ring, 1 to 3 substituents 
selected from halogen (chlorine, bromine, fluorine), alkyi (alkyi having 1 to 6 carbon atoms such as methyl, 
ethyl, propyl, isopropyl, butyl, tert-butyl, isobutyl, pentyl, isopentyl and hexyl), alkoxy (alkoxy having 1 to 6 
carbon atoms such as methoxy, ethoxy, propoxy, isopropoxy, butoxy, tert-butoxy and hexyloxy), haloalkyi 
(that wherein alkyi moiety is alkyi having 1 to 4 carbon atoms, such as chloromethyl, bromomethyl, 
fluoromethyl, trifluoromethyl, trifluoroethyl, pentafluoropropyl and chlorobutyl), hydroxy, nitro, amino, cyano, 
acyloxy (e.g. that wherein acyl moiety is alkanoyi having 2 to 5 carbon atoms such as acetyl, propionyl, 
butyryl and pivaloyi, or aroyI such as benzoyl which may have, on the ring, 1 to 3 substituents selected 
from halogen (as defined above), alkyi (as defined above), alkoxy (as defined above), haloalkyi (as defined 
above) and hydroxy, such as benzoyl, chlorobenzoyi, methylbenzoyi and methoxybenzoyi). 

CycloalkyI has 3 to 10 carbon atoms and is exemplified by cyclopropyl, 2,3-dimethylcyclopropyl, 
cyclobutyl, 3-methylcyclobutyl, cyclopentyl, 3,4-dimethylcyclopentyl, cyclohexyl, 4-methylcyclohexyl, 
cycloheptyl, cyclooctyl, norbornyl, adamantyl, bicyclo[3.3.0]octan-1-yl and bicyclo[3.3.1 ]nonan-9-yl. 

The heterocycle formed by and R^, or R"^^ and R'^^, or R^^ and R^"^ together with the adjacent 
nitrogen atom is exemplified by 1-pyrrolidinyl, piperidino, homopiperidino, 1-piperazinyl, 1-piperazinyl 
substituted by alkyi at the 4-position, morpholino and thiomorpholino. 

Halogen means chlorine, bromine, fluorine and iodine. 

CycloalkylalkyI is that wherein cycloalkyi moiety has 3 to 10 carbon atoms and alkyi moiety has 1 to 6, 
preferably 1 to 3 carbon atoms and is exemplified by cyclopropylmethyl, 2,3-dimethylcyclopropylmethyl, 
cyclobutylmethyl, 3-methylcylobutylmethyl, cyclopentylmethyl, 3,4-dimethylcyclopentylmethyl, cyclohexyl- 
methyl, 4-methylcylohexylmethyl, cycloheptylmethyl, cyclooctylmethyl, 2-cyclohexylethyl, 3-cyclohexyl- 
propyl, norbornylmethyl, 1-adamantylmethyl, bicyclo[3.3.0]octan-1-ylmethyl and bicyclo[3.3.1]nonan-9-yl- 
methyl. 

Heteroaryl at R^ and R^ may have at least one hetero atom selected from oxygen, sulfur and optionally 

substituted nitrogen as a ring constituting atom and is a 5 to 7-membered ring which may be condensed 
with aryl or heteroaryl optionally having, on the ring, the aforementioned substituent. Examples thereof 
include furyl, thienyl, pyrrolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, pyridyl, pyridazinyl, pyrimidinyl, 
triazinyl, benzofuryl, 2,3-dihydrobenzofuryl, benzopyranyl, benzimidazolyl, benzoxazolyl, quinolyl and ben- 
zoxazinyl, which may have, on the ring, 1 to 3 substituents selected from halogen (chlorine, bromine, 
fluorine), alkyi (alkyi having 1 to 6 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, 
isobutyl, pentyl, isopentyl and hexyl), alkoxy (alkoxy having 1 to 6 carbon atoms such as methoxy, ethoxy, 
propoxy, isopropoxy, butoxy, tert-butoxy and hexyloxy), haloalkyi (that wherein alkyi moiety is alkyi having 1 
to 4 carbon atoms, such as chloromethyl, bromomethyl, fluoromethyl, trifluoromethyl, trifluoroethyl, pen- 
tafluoropropyl and chlorobutyl), hydroxy, nitro, amino, cyano, acyloxy (e.g. that wherein acyl moiety is 
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aikanoyi having 2 to 5 carbon atoms, such as acetyl, propionyl, butyryl and pivaloyi, or aroyi such as 
benzoyl which nnay have, on the ring, 1 to 3 substituents selected from halogen (as defined above), alkyi 
(as defined above), alkoxy (as defined above), haloalkyi (as defined above) and hydroxy, such as benzoyl, 
chlorobenzoyi, methylbenzoyi and methoxybenzoyi). 

HeteroarylalkyI may have, on the ring, 1 to 3 substituents selected from halogen, C1-C6 alkyi, C1-C6 
alkoxy, trifluoromethyl, nitro, amino, cyano and hydroxy and alkyi moiety has 1 to 4, preferably 1 to 2 
carbon atoms and the hetero atom constituting the ring is nitrogen, oxygen or sulfur. Examples thereof 
include pyridyl(2-pyridyl, 3-pyridyl, 4-pyridyl)methyl, quinolyl(2-quinolyl, 3-quinolyl)methyl, indolyl(2-indolyl, 
3-indolyl)methyl, thienyl(2-thienyl, 3-thieny!)methyl, furyl(2-furyl, 3-furyl)methyl, benzofuryl(2-benzofuryl, 3- 
benzofuryl)methyl, 1 H-benzimidazol-2-ylmethyl, 2-benzothiazolylmethyl, 2-(2-thienyl)ethyl and 2-(2-furyl)- 
ethyl. 

AryloxyalkyI is that wherein aryl moiety is phenyl and alkyi moiety is C1-C6 alkyi and is exemplified by 
phenoxy methyl, phenoxyethyl, phenoxypropyl, phenoxybutyl and phenoxyhexyl, which may have, on the 
ring, 1 to 3 substituents selected from halogen (chlorine, bromine, fluorine), alkyi (alkyi having 1 to 6 carbon 
atoms such as methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, isobutyl, pentyl, isopentyl and hexyl), alkoxy 
(alkoxy having 1 to 6 carbon atoms such as methoxy, ethoxy, propoxy, isopropoxy, butoxy, tert-butoxy and 
hexyloxy), haloalkyi (that wherein alkyi moiety is alkyi having 1 to 4 carbon atoms, such as chloromethyl, 
bromomethyl, fluoromethyl, trifluoromethyl, trifluoroethyl, pentafluoropropyl and chlorobutyl), hydroxy, nitro, 
amino, cyano and acyloxy (e.g. that wherein acyl moiety is aikanoyi having 2 to 5 carbon atoms, such as 
acetyl, propionyl, butyryl and pivaloyi, or aroyI such as benzoyl which may have, on the ring, 1 to 3 
substituents selected from halogen (as defined above), alkyi (as defined above), alkoxy (as defined above), 
haloalkyi (as defined above) and hydroxy, such as benzoyl, chlorobenzoyi, methylbenzoyi, methoxyben- 
zoyi). 

Haloalkyi is that wherein alkyi moiety has 1 to 5 carbon atoms and is exemplified by chloromethyl, 
bromomethyl, fluoromethyl, trifluoromethyl, trifluoroethyl, pentafluoropropyl and chlorobutyl. 

Aryl may be, for example, phenyl, 1-naphthyl or 2-naphthyl which may have, on the aromatic ring, 1 to 
3 substituents selected from halogen, C1-C6 alkyi, C1-C6 alkoxy, trifluoromethyl, nitro, amino, cyano and 
hydroxy. 

Heteroaryl may have, on the ring, 1 to 3 substituents selected from halogen, C1-C6 alkyi, C1-C6 alkoxy, 
trifluoromethyl, nitro, amino, cyano and hydroxy and the hetero atom constituting the ring is nitrogen, 
oxygen or sulfur. Examples thereof include pyridyl (2-pyridyl, 3-pyridyl, 4-pyridyl), quinolyl (2-quinolyl, 3- 
quinolyl), indolyl (2-indolyl, 3-indoly!), thienyl (2-thienyl, 3-thienyl), furyl (2-furyl, 3-furyl), benzofuryl (2- 
benzofuryl, 3-benzofuryl), 1 H-benzimidazol-2-yl and 2-benzothiazolyl. 

Alkoxy is exemplified by alkoxy having 1 to 6 carbon atoms, such as methoxy, ethoxy, propoxy, 
isopropoxy, butoxy, isobutoxy, tert-butoxy, pentyloxy, isopentyloxy and hexyloxy. 

Acyl is aikanoyi having 2 to 5 carbon atoms, such as acetyl, propionyl, butyryl and pivaloyi, or benzoyl. 

Acyloxy is alkanoyloxy having 2 to 5 carbon atoms, such as acetyloxy, propionyloxy, butyryloxy and 
pivaloyloxy, or benzoyloxy. 

Amino substituted by alkyi is amino mono- or di-substituted by alkyi having 1 to 5 carbon atoms and is 
exemplified by methylamino, dimethylamino, ethylamino, diethylamino, propylamine and dipropylamino. 

Cyclic amino is exemplified by pyrrolidinyl, piperidino, and morpholino, thiomorpholino and piperazinyl 
having, as a hetero atom, oxygen, sulfur or nitrogen atom wherein the nitrogen atom may be substituted by 
alkyi or aralkyl. 

Carbamoyl substituted by alkyi is carbamoyl mono- or di-substituted by alkyi having 1 to 5 carbon 
atoms and is exemplified by methylcarbamoyi, dimethylcarbamoyi, ethylcarbamoyi, diethylcarbamoyi, 
propylcarbamoyi and dipropylcarbamoyl. 

Cyclic aminocarbonyl is that having the aforementioned cyclic amino moiety and is exemplified by 
pyrrolidinylcarbonyl, piperidinocarbonyl, morpholinocarbonyl, thiomorpholinocarbonyl, piperazinylcarbonyl 
and 4-methyl-1 -piperazinylcarbonyl. 

Alkoxycarbonyl is that wherein alkoxy moiety has 1 to 5 carbon atoms and is exemplified by 
methoxy carbony I, ethoxycarbonyl, propoxy carbony I, isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl 
and tert-butoxycarbonyl. 

Aralkyloxycarbonyl is that wherein alkoxy moiety has 1 to 5 carbon atoms and is exemplified by 
benzyloxycarbonyl, 2-phenylethoxycarbonyl and 3-phenylpropoxycarbonyl, which may have halogen, nitro, 
alkyi, alkoxy, trifluoromethyl or the like as a substituent. 

Alkylcarbonyl is that where alkyi moiety has 1 to 5 carbon atoms and is exemplified by acetyl, 
propionyl, butyryl, isobutyryl and pivaloyi. 
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Alkylene is exemplified by alkylene having 1 to 10 carbon atoms such as methylene, ethylene, 
trimethylene, tetramethylene, hexamethylene, octamethylene and decamethylene, which may optionally 
have branched chain and may be substituted by 1 to 3 hydroxys. 

Alkenylene is exemplified by alkenylene having 2 to 8 carbon atoms and optionally having branched 
chain, such as vinylene, propenylene, butynylene, hexenylene and octenylene; alkynylene is exemplified by 
alkynylene having 2 to 8 carbon atoms and optionally having branched chain, such as ethynylene, 
propynylene, butynylene, hexynylene and octynylene. 

Aryloxy may be, for example, phenoxy or naphthyloxy. 

Aralkyloxy is that wherein alkyi moiety has 1 to 6 carbon atoms and is exemplified by benzyloxy, 2- 
phenylethoxy and 3-phenylpropoxy. 

Alkenyl or alkynyl having 2 to 18 carbon atoms which may be substituted by 1 to 3 hydroxys is 
exemplified by 3-hydroxy-1 -propenyl, 3-methyl-3-hydroxy-1 -butenyl, 3,4-dihydroxy-1 -butenyl, 3,4,5- 
trihydroxy-1-hexenyl, 3-hydroxy-1-propynyl, 1-hydroxy-2-butynyl and 1 ,4-dihydroxy-2-butynyl. 

Aralkenyl or aralkynyl having alkenyl moiety or alkynyl moiety having 2 to 18 carbon atoms which may 
be substituted by 1 to 3 hydroxys is exemplified by 3-phenyl-1-propynyl, 3-phenyl-2-butenyl, 3-(4- 
methylphenyl)-2-butenyl, 2-methyl-4-phenyl-1 -butenyl, 4-(4-methylphenyl)-1 -butenyl, 4-phenyl-1 -butenyl, 3- 
phenyl-1-propynyl, 4-(3-methoxyphenyl)-2-butynyl, 4-phenyl-3-methyl-1-butynyl, 4-phenyl-1-butynyl, 4-(4- 
methylphenyl)-1-butynyl and 3-phenyl-3-hydroxy-1 -butenyl, 3-phenyl-4-hydroxy-1-hexenyl, 3-phenyl-3- 
hydroxy-1 -propynyl, 3,4-dihydroxy-5-phenyl-1 -pentynyl and 4-(2-methylphenyl)-1 -hydroxy-2-butynyl. 

In the definitions for R^o, R22 and R^^, a saturated or unsaturated 3 to 7-membered ring formed 
combinedly with the adjacent nitrogen atom, which may be substituted by straight- or branched chain alky I 
and which may have, in the ring, nitrogen, oxygen or sulfur atom as a hetero atom (the additional nitrogen 
atom being optionally substituted by straight- or branched chain alkyI having 1 to 4 carbon atoms, aralkyi or 
diarylalkyi) is exemplified by 1-aziridinyl, 1-azetidinyl, 1-pyrrolidinyl, piperidino, 1-piperazinyl, 1-azepinyl, 1- 
perhydroazeplnyl, morpholino, thiomorpholino, 1-imidazolyl, 4-methyl-1-plperazinyl, 2,6-dimethylmorpholino, 
1 ,2,4-trlazol-1-yl, 1-pyrazolyl, 1-pyrrolyl, 4-benzyl-1-piperazinyl 4-benzylpiperidino, 4-diphenylmethyl- 
piperidino and 4-diphenylmethyl-1-piperazinyl. 

Straight- or branched chain alkyI, alkenyl or alkynyl which may be substituted by halogen, hydroxy, 
amino, alkylamino, dialkylamino, cyclic amino or C-bonded heterocycle (carbons may be Interrupted by 
nitrogen, oxygen or sulfur) Is exemplified by methyl, ethyl, propyl, isopropyl, butyl, Isobutyl, tert-butyl, 
pentyl, isopentyl, neopentyl, hexyl, octyl, decyl, vinyl, allyl, isopropenyl, 2-butenyl, ethynyl, 2-propynyl, 
chloromethyl, trifluoromethyl, 2-hydroxyethyl, aminomethyl, methylaminomethyl, dimethylaminomethyl, 2- 
dimethylamlnoethyl, 2-morpholinoethyl, 2-plperldlnoethyl, furfuryl, 2-(2-indolyl)ethyl, 2-thenyl, 2-pyridyl- 
methyl, 2-qulnolylmethyl and 2-pyrimldinylmethyl. 

Straight- or branched chain alkylcarbonyl which may be mono- or di-substituted by hydroxy, halogen, 
amino, alkylamino, dialkylamino, cyclic amino or straight- or branched chain alkyI (the alkyI may be 
substituted by halogen or hydroxy) is exemplified by acetyl, proplonyl, butyryl, Isobutyryl and pivaloyi and 
those substituted by hydroxy, chlorine, amino, methylamino, dimethylamino, morpholino, methyl or ethyl. 

Arylcarbonyl means, for example, benzoyl, 4-hydroxybenzoyl, 2-chlorobenzoyl or 4-methylbenzoyl. 

Arylsulfonyl is, for example, phenylsulfonyl, 4-methylphenylsulfonyl, 4-aminophenylsulfonyl or 4-ac- 
etylamlnophenylsulfonyl. 

Alkylsulfonyl Is, for example, methanesulfonyl, ethanesulfonyl, propanesulfonyl or butanesulfonyl. 

Arylcarbonyl at R^"^ is, for example, benzoyl, thiazolylcarbonyl, imidazolylcarbonyl; alkyI having hydroxy 
and/or carbonyl may be, for example, hydroxymethyl, 1-hydroxy-2-methylpropyl, 3-hydroxy-2-methylpropyl, 
1-hydroxyethyl, 2-hydroxy-2-methylpropyl or Isobutyryl. 

Heteroaryl which may be hydrogenated Is monocyclic 5-, 6- or 7-membered heterocyclic group or 
bicyclic or tricyclic group having one or more hetero atoms selected from nitrogen, oxygen and sulfur and 
said group may be substituted, preferably mono- or di-substituted by lower alkyI, lower alkoxy, 0x0, 
hydroxy, chlorine or fluorine and is exemplified by the groups of the following formulas. 
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A saturated or unsaturated 5-, 6- or 7-membered ring which is, together with R^^ and R^^, condensed to 
thiophene ring is exemplified by 




Examples of cycloalkyi in cycloalkyi, cycloalkylcarbonyl, cycloalkoxycarbonyl, cycloalkylalkylcarbonyl, 
cycloalkylalkoxycarbonyl and cycloalkylaminocarbonyl include cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl and cycloheptyl, which may be substituted by halogen, alkyi, alkoxy, trifluoromethyl or phenyl. 

When the compound of the present invention has one or more asymmetric carbons, the present 
invention encompasses all racemates, diastereomers and individial optical isomers. 

Most of the compounds of the formula (I) can be produced, separated and purified by the methods 
described in the prior art references indicated under Background Art. 

Of the compounds of formula (I), novel compounds can be produced by the methods described in the 
following. 

Method 1 

An aminoketone described in Japanese Patent Unexamined Publication No. 256681/1990 
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Ar 




(IV) 



70 



wherein each symbol is as defined above, is reacted with a compound of the formula 



76 



R 



3 Z 



Za 



Za 



N - CH - CO - Za' 



(V) 
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25 



wherein Za^ and Za^ are each hydrogen, an amino-protecting group such as tert-butoxycarbonyl or 
benzyloxycarbonyl, or both combinedly fornn an amino-protecting group such as phthaloyi and Za^ is a 
reactive group of hydroxy or carboxyl such as halogen, a mixed anhydride-forming group and an 
imidazolidide-forming group, to give an acyl compound, which is then deprotected by a conventional 
method using hydrazine hydrate or the like. The compound thus obtained of the formula 




wherein each symbol is as defined above, is subjected to a ring closure reaction with dehydration in an 
inert solvent such as ethanol, isopropyl alcohol, benzene or toluene in the presence of a weak acid such as 
40 acetic acid, propionic acid or silica gel at room temperature or under heating to give a compound of the 
formula (VII) 




55 wherein each symbol is as defined above. 

The compound (VII) can be led to a compound (VIII) by the method described in Japanese Patent 
Unexamined Publication No. 156982/1989 or 256681/1990. 
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Ar 




(VIII) 



wherein each symbol is as defined above. The Compound (VII) and the Compound (VIII) are encompassed 

75 in the Compound (HA). 

The reaction of a compound of the formula (IV) with a compound of the formula (V) and elimination of 
protecting group are carried out according to the method described, for example, in "PepucMdo Gosei no 
KIso to Jikken (Basic and Experiment of Peptide Synthesis)", Nobuo Izumiya, Maruzen or "Protective 
Groups in Organic Synthesis", T.W. Green & P. G. Wuts, John Willey & Sons, Inc. These known references 

20 teach various amino-protecting groups inclusive of the exemplified above and those are also usable in the 
present invention. 



Method 2 



25 



30 



35 



Ar 




R 



(IX) 



40 



wherein each symbol is as defined above. 

For example, the above-mentioned Compound (IX) is reacted with a compound of the formula (X) 



Hal-(CH2)aN(R33)(R3^) (X) 



wherein Hal means halogen and other symbols are as defined above, in an inert solvent such as methanol, 
ethanol, propanol, isopropyl alcohol or dimethylformamide in the presence of sodium hydride, lithium 
45 hydride, potassium carbonate, sodium carbonate, sodium methoxide or sodium ethoxide to give a com- 
pound of the aforementioned formula (IMA). 

A compound (IV) wherein R^^' is alkyi having 8 to 15 carbon atoms or aralkyi, which is the starting 
compound (IIB), is produced by the following method. 
HaloalkyI of the formula 

50 

R15"— (CH2)-Hal (XI) 



wherein R^^" is alkyI or aralkyi having a carbon number less 2 from that of the aforementioned R""^', is 
reacted with triphenylphosphine in an inert solvent such as toluene, chloroform or tetrahydrofuran and 
55 thereto is added a base such as n-butyl lithium to give phosphorane. The phosphorane is reacted with p- 
nitrobenzaldehyde (Wittig reaction) to give a compound of the formula 
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wherein each symbol is as defined above. Then, the compound is subjected to reduction in the presence of 
10 an acid such as acetic acid or hydrochloric acid with 1-5 atm hydrogen to give a compound of the formula 




(XIII) 



20 wherein each symbol is as defined above. Thereto are added benzonitrile, aluminum chloride and boron 
trichloride to allow reaction to give a compound of the formula 

Ar 

25 I 



30 




(iv ) 



wherein each symbol is as defined above. 
35 Method 3 

A compound of the formula (I) wherein W is -0-, and X and Y combinedly form = N-N = C(R^)-, which is 
represented by the formula 

40 



45 



50 




(l-a) 



wherein each symbol is as defined above, is synthesized, for example, by the following methods. 
55 Method A 

An aminoketone of the formula 
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Ar 




wherein each symbol is as defined above, Is reacted with 
(a) a compound of the formula 



R 

I (9) 
Z^COCR* V- 

wherein and 7? are the same or different and each is halogen such as chlorine or bromine and R and 
R* are as defined above, in a solvent such as acetone, tetrahydrofuran or dioxane under cooling, at room 
temperature or under heating to give an N-haloacetyl compound. The N-haloacetyl compound is reacted 
with potassium iodide or sodium iodide as necessary to convert same to an N-iodoacetyl compound 
which is then reacted with ammonia to give an N-glycyl compound of the formula 



Ar 




(10) 



wherein each symbol is as defined above; or 
(b) a compound of the formula 



0 




(11) 



0 



wherein 7? is halogen such as chlorine or bromine and R and R' are as defined above, to give an acetyl 
compound, followed by deprotection by a conventional method using hydrazine hydrate, etc. to give a 
compound of the formula (10). 
The N-glycyl compound thus obtained is subjected to a ring closure reaction with dehydration in a 
solvent inert to the reaction, such as ethanol, propanol, isopropyl alcohol, butanol, benzene, toluene, 
dimethylformamide or dimethylacetamide, preferably in the presence of a weak acid catalyst such as acetic 
acid, propionic acid or silica gel at room temperature or under heating to give a compound of the formula 
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Ar 




(12) 



wherein each symbol is as defined above. A thionating agent is reacted with the compound of the formula 
(12) to give a compound of the formula 



Ar 




(13) 



wherein each symbol is as defined above. Further, 

(a) a compound of the formula (13) is reacted with a compound of the formula 

R^C0NHNH2 (14) 

wherein is as defined above, to give a triazolodiazepine compound of the formula 



Ar 




(3-a) 



wherein each symbol is as defined above. Alternatively, 

(b) a compound of the formula 



26 



EP 0 638 560 A1 




(15) 



NNHz 



wherein each symbol Is as defined above, which Is obtained by reacting a compound of the formula (13) 
with a hydrazine hydrate, is reacted with a compound of the formula 

75 

R^COOH (16) 

wherein is as defined above, or a reactive derivative thereof or a compound of the formula 
20 R^C(OR^2)3 (17) 

wherein R^^ jg gi^yi having 1 to 5 carbon atoms such as methyl or ethyl and R^ is as defined above, to 
give a compound of the formula (3-a). 
In the above-mentioned methods, the thionating reagent may be, for example, phosphorus pentasulflde, 
25 Lawesson's reagent [2,4-bis(4-methoxyphenyl)-1 ,3,2,4-dithiadiphosphetane-2,4-dlsulflde] or the like and the 
reactive derivative of the compound of the formula (16) may be, for example, carboxylic acid halide 
(carboxylic acid chloride, carboxylic acid bromide), carboxylic acid anhydride, mixed anhydride (lower alkyi 
carboxylic acid mixed anhydride, alkyI phosphoric acid mixed acid anhydride), lower alkyI ester (methyl 
ester, ethyl ester), activated ester (benzyl ester, p-nitrobenzyl ester, p-nitrophenyl ester, p-chlorophenyl 
30 ester) or the like. 

The reaction of a compound of the formula (12) with a thionating reagent proceeds in a solvent inert to 
the reaction, such as pyridine, dimethylanillne, benzene, toluene, xylene, tetrahydrofuran, chloroform, 
dichloromethane, dioxane or mixed solvent thereof at 30-1 00 °C. 

The reaction of a compound of the formula (13) with a compound of the formula (14) proceeds in a 
35 solvent inert to the reaction, such as benzene, toluene, xylene, tetrahydrofuran, dioxane, methanol, ethanol, 
propanol or isopropyl alcohol in the presence of an organic acid such as acetic acid or propionic acid, 
inorganic acid such as hydrochloric acid or sulfuric acid, or silica gel at room temperature to the refluxing 
temperature of the solvent used. 

The reaction of a compound of the formula (13) with hydrazine or a hydrate thereof generally proceeds 
40 in a solvent inert to the reaction, such as methanol, ethanol, propanol, isopropyl alcohol, butanol or 
tetrahydrofuran at 0-40 " C. 

The reaction of a compound of the formula (15) with a compound of the formula (16) or a reactive 
derivative thereof or a compound of the formula (17) proceeds in a solvent inert to the reaction, such as 
benzene, toluene, xylene, tetrahydrofuran or dioxane, preferably in the presence of an organic acid such as 
45 acetic acid or propionic acid, inorganic acid such as hydrochloric acid, sulfuric acid or phosphoric acid, or 
silica gel at room temperature to the refluxing temperature of the solvent used. 

The obtained compound of the formula (3-a) is hydrolyzed with an inorganic acid such as hydrochloric 
acid or sulfuric acid and reacted with an aqueous solution of nitrous acid to give a compound of the formula 

50 



55 
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(4-a) 



wherein each symbol is as defined above. 
75 A conapound of the fornnula (4-a) is dissolved in a suitable solvent such as nnethanol or ethanol and 
reduced with a suitable reducing agent such as sodiunn borohydride, sodiunn cyanoborohydride or lithiunn 
alunninunn hydride to give a connpound of the fornnula 



20 Ar 




(18) 



wherein each synnbol is as defined above. 

The connpound of the fornnula (18) is subjected to a ring closure reaction with dehydration in an inert 
solvent such as benzene, toluene or xylene, preferably in the presence of a strong acid catalyst such as 
35 hydrochloric acid or sulfuric acid under heating to give a connpound of the fornnula (1-a). 



Method B 



A connpound of the fornnula (1-a) wherein is R'^3QONH(CH2)a-wherein each synnbol is as defined 
40 above is synthesized by the following nnethod. 

A compound of the formula (15) obtained by the Method A is reacted with a compound of the formula 



Am(CH2)aC0Z^ (19) 



45 wherein Am is amine protected with a protecting group such as phthalimido, 2,3-diphenylmaleimido or 
dithiasuccinimido, Z"^ is halogen such as chlorine or bromine and a is as defined above, to give an acetyl 
compound. 

The obtained acetyl compound is subjected to a ring closure reaction with dehydration in a solvent inert 
to the reaction, such as ethanol, propanol, isopopyl alcohol, butanol, benzene, toluene dimethylformamide 
50 or dimethylacetamide, preferably in the presence of a weak acid catalyst such as acetic acid, propionic acid 
or silica gel at room temperature or under heating, followed by deprotection by a conventional method to 
give a compound of the formula 



55 
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5 



10 




(20) 



wherein each symbol is as defined above. 
15 The obtained compound of the formula (20) is reacted with a compound of the formula 

R*3C00H (21) 

wherein R"^^ is as defined above, or a reactive derivative thereof in a solvent inert to the reaction, such as 
20 benzene, toluene, xylene, tetrahydrofuran or dioxane at room temperature to the refluxing temperature of 
the solvent used, to give a compound of the formula 



Ar 




(3-b) 



35 

wherein each symbol Is as defined above. 

This compound is subjected to a series of reactions for forming a triazoloxazepine ring, as described in 
the Synthesis Method A for the compound of the formula (1-a) to give a triazole compound of the formula 

40 



45 



50 




(4-b) 



wherein each symbol is as defined above, from which the objective compound is obtained. 
55 Method 4 

A compound of the formula (I) wherein R is of the formula (3), (16) or (17) is produced by an addition 
reaction of isocyanate or isothiocyanate of the formula 
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Re3.N = c = Z (XV) 

wherein R^^ jg rh, ri2^ -CORa^^ or -S02Rai\ and R^^, Ra^^ and Z are as defined above, to a 
compound of the formula 




wherein each symbol is as defined above, or a compound of the formula (I) wherein R is of the formula (3) 
20 is produced by condensing a compound of the formula (XIV) with a compound of the formula 

R^^COG (XVI) 

wherein R^^ is as defined above and G is a leaving group such as hydroxy, halogen, ester (e.g. 

25 pentachlorophenoxy, p-nitrophenoxy) or thioester (e.g. phenylthio, 2,6-dimethylpyridine-4-thio). 

The addition reaction of a compound of the formula (XIV) and a compound of the formula (XV) is 
carried out in a suitable solvent which does not interfere with the reaction. Examples of the solvent include 
organic solvents such as tetrahydrofuran, diethyl ether, diisopropyl ether, dioxane, dichloromethane, 
chloroform, carbon tetrachloride, ethyl acetate, benzene, toluene, xylene, dimethylformamide and 

30 dimethylacetamide. While the reaction temperature varies depending on the reagent and solvent to be used, 
it is generally from -20 * C to the boiling point of the solvent. 

The condensation reaction of a compound of the formula (XIV) and a compound of the formula (XVI) is 
carried out in a suitable solvent according to the conventional peptide synthesis method as described in 
Method 1. Examples of the solvent include organic solvents such as tetrahydrofuran, diethyl ether, 

35 diisopropyl ether, dioxane, dichloromethane, chloroform, carbon tetrachloride, ethyl acetate, benzene, 
toluene, xylene, dimethylformamide and dimethylacetamide. Where necessary, the reaction is carried out in 
the presence of a base or a dehydrative condensing agent at a temperature of from -20 ° C to the boiling 
point of the solvent. 

Examples of the base to be used as necessary include alkaline metal hydroxides (sodium hydroxide, 
40 potassium hydroxide), alkaline metal carbonates (sodium carbonate, potassium carbonate), alkaline metal 
hydrogencarbonates (sodium hydrogencarbonate, potassium hydrogencarbonate), alkaline metal hydrides 
(sodium hydride) and organic base (triethylamine, pyridine, picoline, N-methylmorpholine). Where neces- 
sary, alkaline metal hydroxide may be used in two phases of the above-mentioned organic solvent and 
water by using a phase transfer catalyst such as tetrabutylammonium bromide or benzyltriethylammonium 
45 iodide. Examples of the dehydrative condensing agent include those used for amide synthesis, such as 
dicyclohexylcarbodiimide, N-ethyl-N'-(3-dimethylaminomethyl)carbodiimide hydrochloride, diphenyl- 
phosphoryl azide and N-methyl-2-chloropyridinium iodide. 

Method 5 

50 

A compound of the formula (XIV) wherein b is O, which is represented by the formula 
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(XIV-1) 



wherein each symbol is as defined above, can be obtained as follows. A connpound of the fornnula 




(XVII) 



wherein each symbol is as defined above, is reacted with dialkyi carbonate such as diethyl carbonate in the 
presence of a base such as sodium hydride, potassium t-butoxide, lithium diisopropylamide or butyl lithium 

to introduce alkoxycarbonyl such as ethoxycarbonyl at the 6-position and the obtained compound is reacted 
with 0-(2,4-dinitrophenyl)hydroxylamine to give a compound of the formula 



Ar 




(XVIII) 



wherein R^"^ is alky I such as ethyl and other symbols are as defined above, and the compound of the 
formula (XVIII) is subjected to hydrolysis in water or a mixed solvent of water and an organic solvent such 
as methanol, ethanol, diethyl ether, tetrahydrofuran or dioxane in the presence of a base such as sodium 
hydroxide, potassium hydroxide, barium hydroxide or lithium hydroxide at a temperature of from about 0 " C 
to the boiling point of the solvent used, and the obtained reaction mixture is subjected to decarboxylation by 
converting same to acidic with an acid such as hydrochloric acid, sulfuric acid, hydrobromic acid, 
trifluoroacetic acid or trifluoromethanesulfonic acid to give a compound of the formula 
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wherein each symbol is as defined above, and the obtained compound is reacted with an alkyi halide of the 
formula 

75 

Hal (XX) 

wherein Hal is halogen and is as defined above, in a suitable solvent such as diethyl ether, diisopropyl 
ether, tetrahydrofuran, dioxane, benzene, toluene, xylene or dimethylformamide in the presence of a base 
20 such as sodium hydride, potassium t-butoxide, lithium diisopropylamide, butyl lithium, pyridine, 
triethylamine, potassium carbonate, sodium carbonate or sodium hydrogencarbonate at a temperature of 
from -20 °C to the boiling point of the solvent used, or reacted with an aldehyde in the presence of a 
reducing agent such as sodium borohydride or sodium cyanoborohydride. 

25 Method 6 

A compound of the formula (XIV) wherein b is 1-6 is obtained as follows. After introducing alkoxycar- 
bonyl in the same manner as in the case of the compound of the aforementioned formula (XVIII), a 

compound of the formula 

30 



0 




(XXI) 



0 



40 

wherein b' is an integer of 1 to 6 and Hal is halogen, is reacted with the compound obtained in the above to 
give a compound of the formula 




(XXII) 



55 

wherein Phth means phthaloyi and other symbols are as defined above, and the compound of the formula 
(XXII) is subjected to hydrolysis in water or a mixed solvent of water and an organic solvent such as 
methanol, ethanol, diethyl ether, tetrahydrofuran or dioxane in the presence of a base such as sodium 
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hydroxide, potassium hydroxide, barium hydroxide or lithium hydroxide at a temperature of from about 0 * C 
to the boiling point of the solvent used, and the obtained reaction mixture is subjected to decarboxylation by 
converting same to acidic with an acid such as hydrochloric acid, sulfuric acid, hydrobromic acid, 
trifluoroacetic acid or trifluoromethanesulfonic acid, and the obtained compound is deprotected in a suitable 
6 solvent such as water, methanol, ethanol, isopropyl alcohol, tetrahydrofuran, dioxane or a mixed solvent 
thereof by adding hydrazine at a temperature of from about 0 ° C to the boiling point of the solvent used to 
give a compound of the formula 




(XXIII) 



Y X 

20 

wherein each symbol is as defined above, and the obtained compound is reacted with an alkyi halide of the 
formula (XX) in a suitable solvent such as diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, 
benzene, toluene, xylene or dimethylformamide in the presence of a base such as sodium hydride 
potassium t-butoxide, lithium diisopropylamide, butyl lithium, pyridine, triethylamine, potassium carbonate, 
25 sodium carbonate or sodium hydrogencarbonate at a temperature of from -20 " C to the boiling point of the 
solvent used, or reacted with an aldehyde in the presence of a reducing agent such as sodium borohydride 
or sodium cyanoborohydride. 

A compound of the formula (XXIII) wherein b' is 1, which is represented by the formula 




can be produced by the following method. 
A compound of the formula 




55 wherein each symbol is as defined above, is condensed with 2,3-diaminopropionic acid wherein an amino 
group has been protected as necessary, according to the conventional peptide synthesis method described 

in Method 1 and deprotected to give a compound of the formula 
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wherein each symbol Is as defined, above and the annino at the 3-posltlon may be protected as necessary. 
The obtained compound is subjected to a ring closure reaction with dehydration in an inert solvent such as 
75 ethanol, isopropanol, benzene or toluene in the presence of a weak acid such as acetic acid, propionic acid 
or silica gel at room temperature or under heating to give a compound of the formula 




30 wherein each symbol is as defined above. According to the similar method as Method A in the 
aforementioned Method 3, a 5-membered ring can be formed in the obtained compound. 

Method 7 

35 A compound of the formula (XVII) wherein X and Y combinedly form =N-N = C(R^)- Is produced by 
reacting a compound obtained according to Japanese Patent Unexamined Publication No. 79185/1989 or 
156982/1989, which has the formula 



N 

\ (XXIV) 

{ 

s 

wherein each symbol Is as defined above, with a compound of the formula 
R^C0NHNH2 (XXV) 

55 wherein Is as defined above, or by reacting a compound obtained by reacting a compound of the 
formula (XXIV) with a hydrazine hydrate, which has the formula 
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wherein each symbol is as defined above, with a compound of the formula 
75 R^COOH (XXVII) 

wherein is as defined above, or a reactive derivative thereof, or a compound of the formula 
R^C(OR^5)3 (XXVIII) 

20 

wherein R^^ is alky! such as methyl or ethyl and R^ is as defined above. 

The reaction of a compound of the formula (XXIV) with a hydrazine hydrate usually proceeds in a 
solvent Inert to the reaction such as methanol, ethanol, propanol, isopropyl alcohol or butanol at 0-40 ' C for 
5 minutes to 3 hours. 

25 The reaction of a compound of the formula (XXVI) with a compound of the formula (XXVII) or a reactive 
derivative thereof or a compound of the formula (XXVIII) proceeds in a solvent inert to the reaction such as 
benzene, toluene, xylene, tetrahydrofuran, dioxane or a mixed solvent thereof in the presence of an organic 
acid such as acetic acid or propionic acid, an inorgnic acid such as hydrochloric acid or sulfuric acid, or 
silica gel at a temperature of from room temperature to the refluxing temperature of the solvent used for 30 

30 minutes to 6 hours. 

Method 8 

A compound of the formula (XVII) wherein X and Y combinedly form = N-C(R^) = C(R^)- is produced by 
35 reacting a compound of the formula (XXIV) with a compound of the formula 



40 



HzN-CH-C 
I I 




0R*« 
OR*'* 



(XXIX) 



wherein R^^ is alkyi such as methyl or ethyl, or aralkyi such as benzyl and R^ and R^ are as defined above. 

45 The reaction usually proceeds in a solvent inert to the reaction such as methanol, ethanol, dioxane, 
dimethylformamide, tetrahydrofuran benzene, toluene, xylene or a mixed solvent thereof in the presence of 
an acid catalyst such as mineral acid (e.g. hydrochloric acid, sulfuric acid, polyphosphoric acid), lower fatty 
acid (e.g. formic acid, acetic acid, propionic acid), or organic sulfonic acid (e.g. methanesulfonic acid, p- 
toluenesulfonic acid) at a temperature of from room temperature to 150°C, preferably while refluxing the 

50 solvent. When the acid catalyst itself which is used in the above reaction is liquid, it may act as a solvent. 
When a solvent is not used, the reaction is carried out at a temperature somewhat higher than the melting 
point of the compound of the formula (XVII), generally 1 50-220 'C. 

Method 9 

55 

A compound of the formula 
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wherein each symbol is as defined above, can be obtained by reacting a compound of the formula 




(CH2 )bN(R^° )H (lib) 



Y X 

25 

wherein each symbol is as defined above, with a sulfonyl halide of the formula 
Hal-S02R^* (Nib) 

30 wherein Hal is halogen such as chlorine and other symbols are as defined above, in an inert solvent such 
as dichloromethane, chloroform, benzene, toluene, carbon tetrachloride, tetrahydrofuran or dioxane in the 
presence of, where necessary, a base such as triethylamine, pyridine or N-methylmorpholine. 

Method 10 

35 

A compound of the formula 




50 wherein each symbol is as defined above, is obtained by reacting a compound of the formula (lib) with a 
halide of the formula 

Hal-COOR^s (IVb) 

55 wherein each symbol is as defined above, in an inert solvent such as chloroform, dichloromethane, 
benzene, toluene, dimethylformamide, tetrahydrofuran or dioxane. 
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Method 1 1 

A compound of the formula 




Y X 



wherein each symbol Is as defined above, with a halide of the formula 
Hal-CZN(R10(R12) (vib) 

wherein each symbol is as defined above, or an isocyanate or an isothiocyanate of the formula 
Z = C = N-R^7 (vilb) 

wherein R^^ is either R^^ or R^^^ jpert solvent such as dichloromethane, chloroform, benzene, toluene, 
dimethylformamide or carbon tetrachloride. 

Method 12 

A compound of the formula 




(Ib-6) 



Y X 

wherein each symbol is as defined above, is obtained by reacting a compound of the formula 
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wherein each symbol is as defined above, with a connpound of the fornnula 

75 HN(R^O(R'^^) (IXb) 

wherein each symbol is as defined above. 

The reaction is carried out according to the conventional peptide synthesis method as previously 

described in Method 1 , in a suitable solvent such as an organic solvent (e.g. tetrahydrofuran, diethyl ether, 
20 diisopropyl ether, dioxane, dichloromethane, chloroform, carbon tetrachloride, ethyl acetate, benzene, 

toluene, xylene, dimethylformamide or dimethylacetamide) in the presence of a base or a dehydrative 

condensing agent as necessary at a temperature of from -20 °C to the boiling point of the solvent. 

Examples of the base to be used as necessary include triethylamine, pyridine and N-methylmorpholine. The 

dehydrative condensing agent is preferably that conventionally used for peptide synthesis, such as 
25 dicyclohexylcarbodiimide, N-ethyl-N'-(3-dimethylaminomethyl)carbodiimidehydrochloride, diphenyl- 

phospholyl azide, N-methyl-2-chloropyridinium iodide or molecular sieves. 

Method 13 
30 A compound of the formula 




(CHz )bOCOR*'* (Ib-7) 



wherein each symbol is as defined above, can be obtained by reacting a compound of the formula (Vb) with 
45 an acid halide of the formula 

Hal-COR^^ (Xb) 

wherein each symbol is as defined above, or an acid anhydride of the formula 

50 

(R^^C0)2 0 (Xlb) 

wherein each symbol is as defined above, in an inert solvent such as dichloromethane, chloroform, 
benzene, toluene, dimethylformamide or carbon tetrachloride. 

55 

Method 14 

A compound of the formula 
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10 



Ar 




(CHz )bOS02R 



4 4 



(Ib-8) 



15 



wherein each symbo! is as defined above, can be obtained by reacting a connpound of the fornnula (Vb) with 
a compound of the formula 

Hal-S02R^^ (Xllb) 



wherein each symbol Is as defined above. 



20 Method 15 



A compound of the formula 



25 



30 



Ar 




COOR 



6 8 



(Xlllb' ) 



35 



wherein R^^ is alkyi such as methyl or ethyl and other symbols are as defined above, is obtained by 

reacting a compound of the formula 



40 



45 



Ar 




(Xlllb) 



50 

wherein each symbol is as defined above, with dialkyi carbonate such as diethyl carbonate in the presence 
of a base such as sodium hydride, potassium t-butoxide, lithium diisopropylamide or butyl lithium to 
Introduce alkoxycarbonyl at the 3-posltlon. Then, the compound is reacted with a hallde of the formula 

55 Hal-(CH2)bCOR^9 (XI Vb) 



wherein each symbol Is as defined above, and the obtained compound of the formula 



39 



EP 0 638 560 A1 



Ar 




COOR 



6 8 



(XVb) 



(CH2 )bCOR 



A 9 



wherein each symbol is as defined above, is hydrolyzed in water or a mixed solvent of water and a suitable 
solvent such as methanol, ethanol, tetrahydrofuran or dioxane in the presence of a base such as sodium 
hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, sodium hydrogencarbonate or 
barium hydroxide at a temperature of from O'C to the boiling point of the solvent used, and then subjected 
to decarboxylation with an acid such as hydrochloric acid, sulfuric acid, hydrobromic acid, trifluoroacetic 
acid or trifluoromethanesulfonic acid to give a compound of the formula 




(Ib-9) 



Y X 



wherein each symbol is as defined above. 
Method 16 

A compound of the formula 




(Ib-10' ) 



Y X 



wherein each symbol is as defined above, is obtained by halogenating a compound of the formula (Vb) by 
reacting same with a halogenating agent such as phosphorus oxychloride, phosphorus tribromide, chlorine, 
bromine or N-bromosuccinimide in an inert solvent such as dichloromethane, chloroform, carbon tetrachlo- 
ride, benzene, toluene, dioxane or dimethylformamide, and reacting the halogenated compound with thiol or 
thiolate of the formula 

Ri^SH or Ri^SNa pCVIb) 

wherein R^^ is as defined above, in a suitable solvent such as methanol, ethanol, dimethylacetamide or 
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dimethylformamide. The obtained compound is oxidized with an oxidizing agent such as hydrogen 
peroxide, potassium permanganate, sodium hypochlorite, ozone or ruthenium oxide in ethanol, methanol, 
acetic acid or a mixed solvent of acetic acid and water to give a compound of the formula 



6 




Y X 

75 

wherein n' is 1 or 2 and other symbols are as defined above. 
Method 17 

20 

A compound of the formula 




35 wherein each symbol is as defined above, is obtained by reacting a compound of the formula (lib) with 
COCI2 (phosgene) in an organic solvent such as toluene, chloroform or tetrahydrofuran in the presence of 

an organic base such as triethylamine at room temperature or under ice-cooling and 30 minutes to 1 hour 
later, adding an amine of the formula 

40 HN(Rii)(Ri2) (le) 

wherein each symbol is as defined above. 

Note that a compound of the formula (D-l) can be also obtained by reacting COCI2 with a compound of 
the formula (le) and then with a compound of the formula (Mb). 
45 In the same manner as above, a compound of the formula 
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wherein each symbol is as defined above, is obtained by the use of (C0CI)2 (oxalyl chloride) in place of 
COCI2 (phosgene). 

Method 18 

A compound of the formula 




(D-III) 



Y X 

wherein each symbol is as defined above, is obtained by adding a hydrazine of the formula 
HN(RiO)N(R^O)(Ri^) 

wherein and R^^ are as defined above, to a compound of the formula (Xlllb') in a polar solvent such as 
dimethyl sulfoxide or dimethylformamide at a temperature of from 0 • C to the boiling point of the solvent 
used. 

Method 19 

A compound of the formula 




(D-IV) 



wherein each symbol is as defined above, is obtained by adding an acid chloride of the formula 
CI-CZ-Ra^^ 

wherein Ra^^ and Z are as defined above, to a compound of the formula (D-III) wherein R^^ is hydrogen in 

an inert solvent such as toluene, chloroform or tetrahydrofuran in the presence of an organic base such as 
triethylamine at a temperature of from 0 ° C to the boiling point of the solvent used. 
By a similar method, a compound of the formula 
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wherein each symbol is as defined above, is obtained by the use of C!-S02-Ra^^ in place of CI-CZ-Ra^^ 



15 Method 20 



A connpound of the fornnula 




wherein each synnbol is as defined above, is obtained by reacting a connpound of the fornnula (D-lll) wherein 
R^^ is hydrogen with a nitrite such as isopentyl nitrite in a polar solvent such as dinnethyl sulfoxide or 

dimethylformannide in the presence of an acid such as anhydrous hydrochloric acid at a tennperature not 
more than -10-C, preferably between -40 °C and -30 °C, and 30 minutes to 1 hour later, reacting the 
35 obtained compound with an amine of the formula 



HN{R^O(R'^^) 



wherein each symbol is as defined above, at a temperature not more than -50 ' C, preferably not more than 
40 -70 • C, and gradually raising the temperature of the reaction mixture to 0 " C immediately thereafter. 



Method 21 



A compound of the formula 

45 



Ar 




55 Y X 
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wherein each symbol is as defined above, is obtained by reacting a connpound of the formula (D-lll) wherein 

R^^ is hydrogen with an alky! halide of the formula 

Raii-CH2-Hal 

6 

wherein each symbol is as defined above, in a suitable solvent such as diethyl ether, diisopropyl ether, 
tetrahydrofuran, dioxane, benzene, toluene, xylene or dimethylformamide in the presence of a base such as 
sodium hydride, potassium tert-butoxide, lithium diisopropylamide, butyl lithium, pyridine, triethylamine, 
potassium carbonate, sodium carbonate or sodium hydrogencarbonate at a temperature of from 20 *C to 
10 the boiling point of the solvent used, or with an aldehyde in the presence of a reducing agent such as 
sodium borohydride or sodium cyanoborohydride. 

Method 22 

75 A compound of the formula 




wherein each symbol is as defined above, is obtained by reacting a compound of the formula 

30 




wherein each symbol is as defined above, with a compound of the formula 

45 

RIO 

Z^-N-(CH2)b^-Hal (D-VII) 

50 

wherein is an amino-protecting group except phthaloyi, such as tert-butoxycarbonyl or benzyloxycar- 
bonyl, or hydrogen, according to Method 6. The protecting group is eliminated by a conventional method 

and reacted with a compound of the formula 

55 0 = C = N-R12 

wherein R^^ is as defined above, according to Method 4 to give a compound of the formula 
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70 



Ar 




COOR 



6 8 



0 



(D-IX) 



(CHi )b'N(R^'' )CNH(R*M 



wherein each symbol is as defined above. This compound is subjected to ring closure reaction, for 

example, by adding sodium hydride and raising the temperature of the reaction mixture to 70 ° C to give a 
75 compound of the formula 



20 



25 



Ar 



0 





(CH2 )b' -N 



1 0 



0 



(D-X) 



30 



wherein each symbol is as defined above. 



Method 23 



A compound of the present invention having the following formula wherein the double bond between 
carbon and nitrogen is reduced can be obtained by a reduction method generally known, which is 
35 exemplified in the following. 




Y X Y X 



Exemplified are a method of catalytic hydrogenation with hydrogen in the presence of a metal catalyst such 
50 as Raney-nickel, palladium black or platinum oxide, a method by the use of a metal hydride such as 
sodium borohydride, sodium cyanoborohydride or lithium borohydride and a method by a reduction with 
formic acid or formal in, preferably with zinc in acetic acid. 

Method 24 

55 

A compound of the formula (I) wherein W is -S- can be synthesized according to the method described 
in Japanese Patent Unexamined Publication No. 66585/1992. 
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[Production of Intermediate] 

A compound of the formula (lib) wherein b is 0 can be obtained by reacting a compound of the formula 



Ar 



10 




NH 



(XVIIb) 



75 

wherein each symbol is as defined above, which is obtained by the method described in Japanese Patent 
Unexamined Publication No. 28181/1990, with an alky I halide of the formula 

20 RIO '-Hal (XVIIIb) 

wherein R^°' is other than hydrogen and Hal is as defined above, in a suitable solvent such as diethyl 
ether, diisopropyl ether, tetrahydrofuran, dioxane, benzene, toluene, xylene or dimethylformamide in the 
presence of a base such as sodium hydride, potassium tert-butoxide, lithium diisopropylamide, butyl 
25 lithium, pyridine, triethylamine, potassium carbonate, sodium carbonate or sodium hydrogencarbonate at a 
temperature of from -20 °C to the boiling point of the solvent used, or with an aldehyde in the presence of a 
reducing agent such as sodium borohydride or sodium cyanoborohydride. 

A compound of the formula (lib) wherein b is 1 to 6 can be synthesized by the following synthesis 
steps. 

30 



35 



40 



45 



50 



55 
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COOR 



(CH2 )bNPhth 



Y X 

(XXb) 

Rio'-Hal (XVIIIb) 




wherein R^^ is alkyi such as methyl or ethyl, Phth is phthaloyi and other synnbols are as defined above. 

A connpound of the formula (Xlllb) is reacted with dialkyi carbonate such as diethyl carbonate in the 
presence of a base such as sodium hydride, potassium tert-butoxide, lithium diisopropylamide or butyl 
lithium to introduce alkoxycarbonyl group such as ethoxycarbonyl at the 3-position and the obtained 
compound is reacted with a halide of the formula: Hal(CH2)aNPhth wherein Phth is phthaloyi and other 
symbols are as defined above, to give a compound of the formula (XlXb). The compound of the formula 
(XlXb) is hydrolyzed in water or a mixed solvent of water and an organic solvent such as, preferably, 
methanol, ethanol, diethyl ether, tetrahydrofuran or dioxane in the presence of a base such as sodium 
hydroxide, potassium hydroxide, barium hydroxide or lithium hydroxide at a temperature of from about 0 " C 
to the boiling point of the solvent used, and the obtained compound is subjected to decarboxylation by 
making the reaction mixture acidic with an acid such as hydrochloric acid, sulfuric acid, hydrobromic acid, 
trifluoroacetic acid or trifluoromethanesulfonic acid and then deprotected in a suitable solvent such as water, 
methanol, ethanol, isopropyl alcohol, tetrahydrofuran, dioxane or a mixed solvent thereof by adding 
hydrazine at a temperature of from about 0 C to the boiling point of the solvent used to give a compound 
of the formula (XXb). The compound of the formula (XXb) is reacted with an alkyI halide of the formula 
(XVIIIb) in a suitable solvent such as diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, benzene, 
toluene, xylene or dimethylformamide in the presence of a base such as sodium hydride, potassium tert- 
butoxide, lithium diisopropylamide, butyl lithium, pyridine, triethylamine, potassium carbonate, sodium 
carbonate or sodium hydrogencarbonate at a temperature of from -20 * C to the boiling point of the solvent 
used, or with an aldehyde in the presence of a reducing agent such as sodium borohydride or sodium 
cyanoborohydride to give a compound of the formula (Mb). 

A compound of the formula (Vb) wherein a is 0 can be synthesized by the following synthesis steps. 
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(XXIIb) 

25 

wherein each symbol is as defined above. 

A compound of the formula (Xlllb) is converted to N-oxIde (XXIb) with a peracid such as m- 

chloroperbenzoic acid, hydrogen peroxide or peracetic acid in an inert solvent such as chloroform, carbon 

tetrachloride, dichloroethane, benzene or toluene, and the N-oxide is subjected to Polonovski rearrangement 
30 in acetic anhydride to give a compound of the formula (XXIIb). The compound of the formula (XXIIb) is 

hydrolyzed by the reaction with a base such as sodium hydroxide, barium hydroxide or potassium 

hydroxide in a mixed solvent of water and a suitable organic solvent such as methanol, ethanol or 

isopropanol to give a compound of the formula (V'b). 

A compound of the formula (Vb) wherein b is 1 to 6 can be obtained by introducing an alkoxycarbonyl 
35 at the 3-position of a compound of the formula (Xlllb) in the same manner as described above, reacting the 

obtained compound with a halide of the formula 

Hal-(CH2)bOCOR^2 (xxillb) 

40 wherein R^^ js alkyi such as methyl or ethyl and other symbols are as defined above, to give a compound 

of the formula 



45 



50 



Ar 




COOR 



6 8 



(XXIVb) 



(CHz )bOCOR 



6 2 



55 wherein each symbol is as defined above, and subjecting the compound to decarboxylation and hydrolysis 
as mentioned above. 

A compound of the formula (Mb) or (Vb) wherein b is 1 to 6 can be also directly obtained by reacting a 
compound of the formula (Xlllb) with a compound of the formula: Hal-(CH2)bNPhth or Q-(CH2)bOCOR' 
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wherein each symbol is as defined above, in an intert solvent such as tetrahydrofuran, dioxane, diethyl 

ether, benzene, toluene or dinnethylfornnannide in the presence of a base such as sodium hydride, 
potassium tert-butoxide, lithium diisopropylamide or butyl lithium. The reaction generally proceeds at a 
temperature of from -50 " C to not more than 0 " C and the obtained compound is respectively deprotected 
5 and hydrolyzed to give a compound of the formula (lib) or (Vb). 

A compound of the formula (Vlllb) can be synthesized by the following synthesis steps. 



Ar 




Y X (Vlllb) 



wherein each symbol is as defined above. 
45 A compound of the formula (Xlllb) is reacted with dialkyi carbonate such as diethyl carbonate in the 
presence of a base such as sodium hydride, potassium tert-butoxide, lithium diisopropylamide or butyl 
lithium to introduce alkoxycarbonyl such as ethoxycarbonyl at the 3-position of diazepine ring and then 
reacted with a haloester of the formula 

50 Hal-(CH2)bCOOR^2 

wherein R^^ Hal and b are as defined above, to give a compound of the formula p<XVIb). The compound of 

the formula (XXVIb) Is hydrolyzed in water or a mixed solvent of water and a suitable solvent such as 
methanol, ethanol, tetrahydrofuran or dioxane in the presence of a base such as sodium hydroxide, 
55 potassium hydroxide, sodium carbonate, potassium carbonate, sodium hydrogencarbonate or barium 
hydroxide at a temperature of from O'C to the boiling point of the solvent used and the obtained compound 
is subjected to decarboxylation by converting the reaction mixture to acidic with an acid such as 
hydrochloric acid, sulfuric acid, hydrobromic acid, trifluoroacetic acid or trifluoromethanesulfonic acid to give 
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a compound of the formula (Vlllb). 

The compounds of the formula (I) thus obtained can be separated and purified from a reaction mixture 
by a method known per se such as recrystallization and column chromatography. 

The compounds of the formula (I) thus obtained can be converted to pharmaceutically acceptable salts 
6 by a conventional method by treating with an inorganic acid such as hydrochloric acid, hydrobromic acid, 
sulfuric acid, phosphoric acid or nitric acid, an organic acid such as acetic acid, propionic acid, succinic 
acid, glycolic acid, lactic acid, malic acid, tartaric acid, citric acid, maleic acid, fumaric acid, methanesul- 
fonic acid, benzenesulfonic acid, p-toluenesulfonic acid or ascorbic acid, an inorganic base such as sodium 
hydroxide, potassium hydroxide, calcium hydroxide, magnesium hydroxide, zinc hydroxide or ammonium 
10 hydroxide, an organic base such as methylamine, diethylamine, triethylamine, dicyclohexylamine, 
triethanolamine, ethylenediamine, tris(hydroxymethyl)aminomethane, quinine, guanidine or cinchonine or an 
amino acid such as lysine, ornithine, arginine or alanine. The compounds of the formula (I) encompass 
hydrates and other solvates. 

When the compounds of the present invention have chiral carbon atom, they can be usually obtained as 
75 racemates. The racemates can be resolved into optical isomers by conventional methods. Such optical 
isomers can be also produced by using optically active starting materials. Individual diastereomers can be 
purified by fractional crystallization or chromatography. 

In the present invention, the compounds of the formula (I) encompass the following compounds. 
Each symbol in Tables respectively denotes the following group. Me is methyl, Et is ethyl, Pr is propyl, 
20 OMe is methoxy, C-C3H5 is cyclopropyl, C-C5H9 is cyclopentyl, c-CeHn is cyclohexyl, i-Bu is isobutyl, t-Bu 
is tert-buty! and Ph is phenyl. 



25 
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Table 1 




compound No. 


R6 0 


R* 


R 


RI8 


mp. (°C) 


1 


H 


CH3 


H 




121-122 


2 


4-CH3 


CH3 


H 




140-142 


3 


4-OCH3 


CH3 


H 




124-126 


4 


4-Cl 


CH3 


H 




165-167 


5 


3-Cl 


CH3 


H 




156-158 


6 


2-Cl 


H 


H 




98-100 


7 


2-Cl 


Ola 


H 




118-122 


8 


2-Cl 


CjHs 


H 




115-116 


9 


2-Cl 


CH3 


CH3 




130-131 


10 


2-Cl 


CH3 


Cans 




97- 99 


11 


2-Cl 


CH3 


H 




122-125 


12 


2-Cl 


CH3 


H 




106-108 


13 


2-Cl 


CH3 


H 


C4H9 


107-109 


14 


2-Cl 


CH3 


H 


CsHi 7 


80- 82 
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Table 2 (continued from Table 1) 



compound No. R« R R^^ mp. C*C) 

15 2-Cl CHa H CisHaa 58- 60 

16 2-Cl CH3 CH3 . CsHia 108-110 

17 2-Cl CH3 -.CH3 XyG^ 190-191,5 

(p-toluensulfonate) 

18 2-Cl CH3 -'1CH3 A/O^^ - 190-191-5 

(p-toluensulfonate) 

^ 0 

19 2-Cl CH3 H 0 N>V\ 187-189 



20 


2-Cl 


CH3 


CH3 




162-163 


21 


2-Cl 


CH3 


H 


CsHi 3 


111-113 


22 


2-CH3 


CH3 


H 


CsHi 3 


135-137 


23 


2-OCH3 


CH3 


H 


CsHi 3 


128-130 


24 


2-XH3 


CHj 


H 


CsHi 7 


76- 78 


25 


2-OCH3 


CH3 


H 


Ci 0H2 1 


90- 92 


26 


2-CH3 


CH3 


H 


Ci oHj 1 


61- 63 


27 


2-Cl 


CH3 


H 


Ci 2H2 5 


oily substance 


28 


2-Cl 


CH3 


H 




134-136 


29 


2-Cl 


CH3 


H 




^ 112-114 


30 


2-F 


CH3 


H 




122-124 


31 


4-OH 


CH3 


H 




240-242 


32 


4-0C3H4N(CH3)2 


CH3 


H 




- 122-125 


33 


2-Cl 


A 


CH3 




116-119 
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Table V (continued from Table 1) 



compound No. R*" R« R 

34 2-Cl t-Bu 

35 2-Cl C3H7 

36 2-Cl CH3 

37 2-Cl CH3 

38 2-Cl CH3 

39 2-Cl CH3 

40 2-Cl CH3 

41 2-Cl CH3 

42 4-Cl CH3 

43 2-Cl CH3 

44 2-Cl CH3 

45 4-Cl CH3 

46 2-Cl CH3 

47 2-Cl CH3 

48 2-Cl CHj 



R*« mp. CC) 



CH3 A/O^ 125-127 
H XyQT^ 74- 77 



H 



H 



CHi 



H 



Ph\ ^ 0 

VN^><^ 173-175 



Ph 



Phv ' 0 

W^>V^ 171-173 



Ph 



^ 0 

CH3 0 NA/\ oily substance 
CHj yKy^ N^\/\ oily substance 



CH: 






183-184 


CHsQ^x^ 


195-196 




118-120 




109-111 




170-172 




127-128 




oily substance 


C2H5 


143-146 


1 C2H5 


284-286 
(decomposition) 
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Table 2" (continued from Table 1) 



compound No. 






K 




mp. ( C) 


49 


2-Cl 


CHa 


n 
u 


C2H5 


259 


50 


2-Cl 


CH3 


0 


C2H5 


159-160 


51 


2-Cl 


CH3 


H H ^ 
0 ^ 


C2H5 


250-252 
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compound No. R*" R' 



R 



(R*',R^«) 
ring formation 



mp. (°C) 



52 2-Cl CH: 



-CH: 



0 




150 



53 2-Cl CH; 



54 2-Cl CH; 



55 2-Cl CH; 



56 



2-Cl CHs 



H (C3H7)2NC0 



CH: 



CH; 



CH; 



0 



(Of 




cTlf 



0 




136-139 



oily 

substance 



126-132 



232-238 



57 2-Cl CH; 



H 
N 




0 




304-306 
(decomposition) 
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Table 4 




R 



6 0 



compound No. 


R6 0 


Y 


R 


R18 


mp. (°C) 


58 


2-Cl 


H 


H 




181-183 


59 


2-Cl 


H 


CHa 




185-188 


60 


2-Cl 


H 


H 


CeHi 3 


141-143 


61 


2-Cl 


H 


CHs 


CeHi 3 


169-171 


62 


2-Cl 


1 


H 


CsHl 7 


117-118 
(difumarate) 


63 


2-Cl 


1 


H 


C$Hi 3 


154-155 
(difumarate) 


64 


2-Cl 




H 




181-182.5 

(oxalate) 


65 


2-CI 


1 


CHs 




172-173 
(oxalate) 
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Table 5 



compound No. compound mp. CC) 
5 



10 



15 



20 



25 



30 



35 



40 




131-133 



124-127 



218-223 



45 



50 



55 



57 
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Table 5 (continued) 



compound No. compound mp. CC) 




227-228 



164-165 



257-259 
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Table 6 R*" 




compound No. 


R6 0 








R6 1 


mp. (°C) 


72 


4-Cl 


H 


Et 


Me 


3 -Me 


261-264 


73 


4-Cl 


H 


Et 


Me 


2-Cl 


254-258 


74 


4-Cl 


H 


Et 


Me 


3-Cl 


255-258 


75 


4-Cl 


H 


Et 


Me 


4-Cl 


280-281 


76 


4-Cl 


H 


Et 


Me 


3-OMe 


268-270 


77 


4-Cl 


H 


Ceiti 3 


Me 


3-Cl 


254-255 


78 


4-Cl 


H 


hejQ^l 


Me 


3-Me 


260-262 


79 


3-Cl 


H 


Et 


Me 


3-Me 


267-270 


80 


2-Cl 


H 


4-i-BuPh(CH2 


)j Me 


3-Me 


235 


81 


2-Cl 


H 


Et 


Pr 


3-Me 


262-263 


82 


4-Cl 


H 


octyl 


Me 


3-Me 


231-232 


83 


2-Cl 


Me 


Me 


Me 


3-Me 


241-243 


84 


2-Cl 


H 


Et 


cyclohexyl 


3-Me 


259-260 


85 


2-Cl 


H 


Et 


Me 


3-Me 


250-252 
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Table 6 (continued) 



compound No, R^' R'^ R« R^^ mp. ('C) 



86 


4-Me 


H 


Et 


Me 


3-Me 


267-270 


87 


4-Cl 


H 


Et 


Me 


H 


274-276 


88 


H 


H 


Et 


Me 


3-Me 


272-274 


89 


2-Cl 




-(CH2)4- 


Me 


3-Me 


241-243 


90 


4-Cl 


H 


Et 


Me 


2-OMe 


250-251 


91 


2-Cl 


H 


Et 


Me 


3-OMe 


269-272 


92 


2-Cl 


H 


Et 


Me 


2-OMe 


271 



Table 7 




compound No. 


R6 0 








R61 


Z 


mp. CO 


93 


2-Cl 


H 


Et 


Me 


H 


S 


212-214 


94 


4-Cl 


H 


Et 


Me 


4-OMe 


0 


279 


95 


2-Cl 


H 


Et 


Me 


4-OMe 


0 


260-262 


96 


4-Cl 


H 


Et 


Me 


4-Br 


0 


277-278 


97 


4-Cl 


H 


C4H9 


Me 


3-OMe 


0 


243-245 


98 


4-Cl 


H 


C4H9 


Me 


3-Me 


0 


259-260 


99 


4-Cl 


H 


C4H9 


Me 


2-OMe 


0 


176-178 


100 


2-Cl 


H 


Et 


cyclohexyl 


2-OMe 


0 


269-271 
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75 





compound No. 


R6 0 






Y 


R6 1 


mp. CC) 


20 


101 


2-CI 


H 


Et 


Me 


4-OMe 


201-203 




102 


2-Cl 


H 


Et 


Me 


4-CI 


241-243 


25 


103 


2-Cl 


H 


Et 


Me 


2-OMe 


224-225 


104 


2-Cl 


H 


Et 


Me 


H 


238-239 




105 


2-Cl 


H 


Et 


Me 


3-Cl 


187-189 


30 


106 


2-Cl 


H 


Et 


Me 


3-OMe 


164-166 




107 


2-Cl 


H 


Et 


Me 


4-Me 


228-229 




108 


2-Cl 


H 


Et 


Me 


4-Br 


229-231 


35 


109 


2-Cl 


H 


Et 


Me 


2-Me 


166-167.5 




110 


2-Cl 


H 


Et 


Me 


2-Cl 


173-175 


40 


111 


2-Cl 


H 


Et 


Me 


3 -Me 


226-227 



45 



50 



55 
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Table 9 



compound No 



compound 



mp. CO 



112 




176-178 



113 




212-214 



114 




196-199 
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Table 10 




NHCONHR 



1 2 



compound No. R^' R^' 



R' 



R 



1 2 



Ar 



mp. (°C) 



201 



202 



203 



204 



205 



206 



207 



208 



209 



210 



211 



H Et c-CsHu MeO 



H 



H Et c-CsHi 1 



H Et c-CeHii 



H Et c-CsHs 



CI 



Me 



v\ // 



Me 



Et C-C5H9 MeO-/^^ 



H Et C-C3H5 



H Et C-C3H5 



H Et C-C3H5 



H Et C-C5H9 



H Et C-C3H5 



H Et c-CsHii 



MeO 




Me 



MeO 





OMe 



OMe 



Me 



2-ClPh 268-269 



2-ClPh 260 



2-CIPh 265-266 



2-CIPh 246-247 



2-CIPh 250-254 



2-ClPh 249-251 



2-ClPh 270-272 



2-ClPh 252-253 



2-ClPh 270-272 



2-ClPh 273-276 



2-ClPh 262-263 



212 



213 



H Et c-CsHii 



H Et 



Ph 




2-ClPh 232-235 



2-ClPh 268-270 



214 



H Et c-CsHii CI 




2-ClPh 268-269 
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Table 11 (continued from Table 10) 



compound No. R^' R^" R* R'' Ar mp. CO 

— 



219 



215 H Et c-CeHii 2-ClPh 251-253 

MeO 

216 H Et c-CeHii \- 2-ClPh 233-236 



217 H Et Ph MeOY. V 2-ClPh 249-253 



218 H Et c-CsHii ( V- 2-ClPh 257-260 

OMe 




H Et (CH3)2CH- 2-ClPh 279 



OMe 

220 H Et butyl (. \- 2-ClPh 260-261 




/=^C1 

221 H Et butyl \- 2-ClPh 247-250 



222 H Et Me X- 2-ClPh 272-273 




223 H Et Me A ,V 2-ClPh 254-255 



224 H Et Me Me -A .V 2-ClPh 267-270 




225 H Et Me \- 2-ClPh 274-275 



226 H Et Me CI / A- 2-ClPh 272-274 




/=r'OMe 

227 H Et tert-butyl / \- 2-ClPh 278-279 

_ OMe 

228 H Et Et \- 2-ClPh 270-272 



_ CI 

229 H Et Me /v .V 2-ClPh 273-276 



Me 

230 H Et tert-butyl <> \- 2-ClPh 232-234 
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Table 11' (continued from Table 10) 
compound No. R^' R« 

231 H Et 

232 H Et 

233 H Et 

234 H Et 

235 H Et 

236 H Et 

237 H Et 

238 H Et 

239 H Et 

240 H Et 

241 H Me 

242 H Et 

243 H Et 

244 H Et 

245 H Et 

246 H Et 



R*'' Ar mp. ("C) 

2-ClPh 266-267 

2-ClPh 260-262 

2-ClPh 254-256 

2-ClPh 269-270 

2-ClPh 250-252 

2-ClPh 229-231 

2-ClPh 254-255 

2-ClPh 251-254 

2-ClPh 251-253 

2-ClPh 262-263 

4-ClPh 255-257 

2-ClPh 260-263 

2-ClPh 235-237 

4-ClPh 268-269 

4-ClPh 242-244 

2-ClPh 272-274 

(decomposition) 



Me 

(CHs ) 2CH- 




(CHj ) 2CH- MeO -<x>- 
tert-butyl MeO -<^>- 
butyl UeO-(^\- 



Et MeO 




Me 



V/- 




Pr MeO-,^ . 



heptyl MeO -/Tj^ 



Me 



Me 




OMe 



_ OMe 

Me MeO 
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Table 12 



R 



1 8 




compound No. R*° R' 



R 



R 



1 8 



mp- CO 



247 4-Cl Me -CH2COOH 



248 4-Cl Me 



250 4-Cl Me 



Me 



-CH2C0-NH-<r^ 



CI 



249 4-Cl Me -CH2CO-NH 



MeO 

-CH2CO-NH 




Et 



Et 



Et 



Et 



198-202 



247-248 



217-218 



198-200 



251 



253 



255 



4-Cl Me -CH2CO-NH 



254 4-Cl Me 



257 4-OMe Me 



OMe 



252 4-Cl Me -CH2CO-NH 



2-Cl Me -NHSOzYx ,VMe 




-NHSOz-Zv .VMe 



2-Cl Me -NHCOCH 




256 2-Cl Me -NHCOO 



v\ // 



Me 



-OCONH-<^^ 



Et 



Et 



Et 



Et 



Et 



Et 



238-239 



244 



YNQ>-(CH2)2- 158-162 



239-242 



244 



158-159 



190-192 
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Table 13 



R 



1 8 




compound No. R*" Y 



R 



R 



1 8 



mp. CO 



Me 



258 2-Cl Me -0-CONH-^~i> 



Et 



181-182.5 



259 



2-Cl Me -CHjOXDH 



Et 



228-231 
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Table 14 




6 0 



compound No. 




R* 


R18 




mp. CO 


301 


4-OCH3 


Oi 1112 3 


Et 


H 


91-93 


302 


4-OH 


in2 3 


Et 


H 


96-98 


303 


4-CH3 


Li 7n3 5 


Et 


H 


83-84 


304 


IT 

H 


^1 in23 


Et 


H 


oily 
substance 


305 


H 


PhO(CH2)2 


Et 


H 


75-78 


306 


2-Cl 




- (CHz ) 4 


— 


111-113 


oU / 


0 PI 


Ui 1112 3 


-(CH2J4 




bo-bi 


308 


2-Cl 


Cl 5H3 1 


- (CH2 ) 4 




76-78 


309 


2-Cl 


C17H35 


-(CH2)4 




73-74 


310 


2-CI 


C9H1 9 


CHj 


CH3 


83-84 


311 


2-Cl 


Cl 1H2 3 


CH3 


CH3 


93-95 


312 


2-Cl 


Cl 5H31 


CH3 


CH3 


63-65 


313 


2-Cl 


Cl 7H3 5 


CH3 


CH3 


93-95 (HCl) 


314 


2-Cl 


4-i-BuPh(CH2)3- 


CH3 


CH3 


115-117 


315 


2-Cl 


C9H1 9 


Et 


H 


113-114(HC1) 


316 


2-Cl 


C11H23 


Et 


H 


88-89 (HCl, /4H2O) 


317 


2-Cl 


C15H31 


Et 


H 


119-121 (HCl) 
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Table 14 (continued) 



compound No. R« R^® R^'' mp. CC) 



O 1 o 




P U 

L/1 71135 


T?4- 

ht 


T r 

H 


llb-"119(HCl ) 


0 1 Q 


0 PI 


rilLH 1/112 ) 2~ 


ir-4- 


u 
n 


126-128 




0-Ll 


r>UA / PLT \ 


bt 


IT 

H 


90-92 


321 


o-Cl 


P u 
^9111 9 


Et 


H 


86-87 


6LL 


0 PI 


P u 
W 1112 3 


bt 


u 
n 


/4- /b 


616 


0 PI 


P U 

Ul 5113 1 


bt 


TJ 

n 


/b- / / 




O PI 


PU A t 

Una 4-1 


-Burn(Un2 ) 2" 


H 


85-87 


6Z0 


/I PI 


rnUtL/n2 ) 2" 


bt 


u 
n 


100 1 or* 
Izo-loU 


oZb 




p u 
L/sni 9 


bt 


u 
n 


1 on 101 / i/u ^^ 


007 

oZ / 


>l PI 


p u 
l/i in2 3 


174' 

bt 


u 
n 


1 no 1 no 
lU /-lUo 






P U 
Ui 5113 1 


bt 


u 
n 


11c: 110 
iiD-il / 




/t-Pi 

4 


P w 

^1 7113 5 


bt 


U 

n 


iUb-iUy ln2U j 


oon 


/I -PI 


/I — i —Hi iDH /PU ^ — 

4~ 1 -DUrn (L/n2 J 3 


bt 


u 
n 


1 no 1 no 


001 




L/n2nn\-Aji-/i 1 n2 3 


T7t 


u 
n 




009 


ft 


Ci 1H2 3 






1 fin /HP! ^ 






Ci 5H3 1 


\.un2 M 




191-1 90/'HPl 
IZl iZOv,nL/l ; 


334 


4-Cl 


C11H23 


CgHi 7 


H 


78-81 


335 


4-Cl 


C15H31 


CsHi 7 


H 


68-69 


336 


4-Cl 


Ci 7H3 5 


CsHi 7 


H 


65-66 


337 


4-CI 


CH3 


Ci$H3 3 


H 


71-73 


338 


4-Cl 


C4H9 


Ci 6H33 


H 


135-137 (HCl) 


339 


4-CI 


C9H1 9 


Ci 6H3 3 


H 


69-70 


340 


4-Cl 


Ci 1H2 3 


Ci 6H3 3 


H 


60-62 


341 


4-Cl. 


Ci 5H3 1 


Cl 6H3 3 


H 


83-85 
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Table 14 (continued) 



compound No. R^^ mp. ('C) 



342 


4-Cl 


7 H3 5 


6 *i3 3 


H 


90-92 


343 


2~0CHi 


PhO(CH^> )9- 


Et 


H 
11 


120-121 


344 




^1 1 ^^2 3 


Et 


H 


55-5S 


345 


4-OCH1 


PhOCCHo)^- 


Et 


H 
1 1 


111-113 


346 


4-OCH3 


L >^ H Q 


Et 


H 


101-103 


347 


4-OCH3 


1111 


Et 


H 


113-115 

JL X X X V 


348 


4-OCH3 


C7H1 5 


Et 


H 


106-108 


349 


4-OCH3 


C9H1 9 


Et 


H 


106-108 


350 


4-OCH3 


Ci 5H3 1 


Et 


H 


93-95 


351 


4-OCH3 


Ci 7H35 


Et 


H 


85-87 


352 


4-OCH3 


Ci 1H23 


CbHi 7 


H 


57-58 


353 


4-OCH3 


Ci 5H3 1 


CsHi 7 


H 


66-67 (I/2H20) 


354 


4-Me2N(CH2)20- 


Ci 1H2 3 


Et 


H 


79-80 ('/4H2O) 


355 


2-CH3 


CH3 


CsHi 3 


H 


oily 
substance 


356 


2-CH3 


PnO(CH2 ) 2 


ht 


If 

H 


1 00 1 oc 

lo3-lo5 


357 


4-CH3 


Ci 1H2 3 


Et 


H 


77-78 


358 


4-CH3 


Ci 5H31 


Et 


H 


69-70 


359 


4-CH3 


Ci 1H23 


CfiHi 7 


H 


71-73 


360 


4-OCH3 


C4H9 


Ci 6H33 


H 


56-57 


361 


4-OCH3 


C11H23 


Ci sHs 3 


H 


56-58 


362 


4-XH3 


C7H3 5 


Ci 6H3 3 


H 


79-81 


363 


4-Cl 


Ci 1H23 


Me 


Me 


87-89 
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Table 14 (continued) 



compound No. R*" R* R^* R*'' mp. (°C) 



364 4-Cl 4-i-BuPhCH2- Me Me 141-143 

365 4-Cl 4-i-BuPh(CH2)3- Me Me 146-148 

366 4-Cl 4-i-BuPh(CH2)4- Me Me 87-89 

367 4-Cl 4-i-BuPh(ai2)5- Me Me 102-103 



Table 15 




compound No. 


R6 0 






mp. 


(°C) 


368 


2-Cl 


Cl 1H2 3 


Cl 


124- 


■125 


369 


2-Cl 


C15H31 


Cl 


95- 


■96 


370 


H 


CnHa 3 


H 


83- 


■84 



Table 16 

compound No. compound mp. CO 



371 




112-114 
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Table 17 




No. 



Ar .-rrrW- 



R 



R' R« R15 R^« mp. (°C) 



68 



69 Ph 



501 



502 



503 



507 



508 



509 Ph 



=N- 



=N 



H 



H 



H 



H 



CHs CI H 218-223 



CH3 CI H 227-228 



H@^C1 =N- 
-^:^C1 =N- 
-<0>-Cl =N- 



■nhconh-/0) -co2c2h5 ch3 

c:h3 

■nhconh/o) 



H 



CH30 



•NHCONH -/of) H CH3 

CH3 



H 



504 H^^Cl =N- -NHC02CH2Ph 

505 -(oyci =N- -CH2NHCONH H 



CH3O 

506 -{o\-Cl =N- -CH2NHC0NHy^ H 

(:H3 



-NHS02CH2Ph 



h(o)^ci =N- 

-^CI =N- -CH2-^ 



H 



H 



H 



=N - -CH2OCONH -/q) H 



CH3O 



H H 168-172 



CH3 H H 281-285 



H H 270-273 



CH3 H H 212-215 



CH3 H H 198-201 



CH3 H H 271-273 

(decomp. ) 



CH3 H H 142-157 

(amorphous) 

CHa H H 275-279 



CH3 H H 109-113 

(amorphous) 
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Table 17 (continued) 



No. 



Ar 



R 



R' 



R' 



R 



IS pi 6 



mp.(°C) 



510 Ph 



518 



=N- -CH2OCONH -<^^ H CH3 H H 123-126 

CH3 



511 Ph 



=N- -CHiOCOCHjPh 



Ph 



H 



512 -<^)-Cl =N- 

513 -(o)-Cl =N- 

514 -(oyci =N- 

515 ^OV-CI -NH- 

516 -(o)-Cl -0- 

517 -(S)-C1 =N- 



H 



H 



H 



H 



H 



H 



=N- -CH2OSO2 



CH; 



H 



H 61-67 
(amorphous) 



H n-C,His H 



H n""CiiH2 3 H 



H n~Ci 5H3 1 H 



H n'~CiiH2 3 H 



H n-CiiH2 3 H 



H >^^>s^ H 



H 



H 



H 



H 



H 



H 



151-153 



97-98 



95-97 



94-95 



87-89 



63-65 



CH3 H CH3 



H 



H 100-104 
(amorphous) 



519 


Ph 


=N- 


CH3 


H 


CH3 


520 


Ph 


=N- 


CH3 


H 


CH3 


521 




=N- 


-NHCONH-/0) 

(:h3 


H 


CH3 


522 


^Cl 


=N- 


-NHCONH-(JP^ 


H 


CH3 


523 




=N- 


-NHCONH-Q> 


H 


CH3 


524 




=N- 


-CONHNHCOPh 


H 


CH3 


525 


-(gyci 


=N- 


-NHCONHCOPh 


H 


CH3 


526 






-NHCX)NHS03 -(Q>-CH 


3 H 


CH3 



IioHzi H oily 

substance 
H n-CioH2i 111-112 



H 



H 



263-265 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



274-278 



272-274 



243-245 



231-233 



212-214 
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Table 17 (continued) 



No. Ar rrr^W- R R' R^ R^^ R^^ mp.(r) 

527 -(g^Cl =N- -CONHNHPh H CH3 H H 175-177 



-(Oyci =N- -C»NHXH2Ph H CH3 H H 

~(0)-Cl =N- -C!0NHCH2Ph H CHj H H 

-^!oycl =N- -NHCOCXDNHPh H CH3 H H 

531 -<g>-Cl =N- ^_!["^cH3 " " 

H D 



529 



530 



535 -(OV-CI =N- -NHCONH-CHzPh H CH3 H H 

536 -(ny-Cl =N- -NHOONH-(^ H CH3 H H 

537 -/^yci =N- n fP*| H CH3 H H 

-NHCO --^N-^ 

H 



539 



540 



-(OVCI =N- fl — fP) H CH3 H H 
\-=^ -CH2NHCO ^^-^ 

H 



138-139 



265-267 



247-248 



269-271 



532 Ph =N- -NHCONH-/0) H CH3 CI H 270-274 

CH3O 

533 Ph =N- -OCONH-/0) H CH3 CI H 158-161 

C:H3 

534 Ph =N- -CH20C(CH3)3 H CH3 H H 202-206 



270-273 



257-259 



287-290 



538 -(o)-Cl =N- -CONHNHSO2 -<Q>-CH3 H CH3 H H 285-287 



196-200 



=N- -NHCOCHj-*^^ H CH3 H H 133-137 



CH3O 
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Table 18 




compound No. R** X mp. (°C) 



601 H 0 186-188 

602 Et 0 181-183 

603 H S 178-179 

604 Et S 

605 Br S 




compound No. R* mp. (°C) 



606 H Me 212 

607 Et Me 159-161 

608 Br Me 



The method for determining the bone resorption-inhibitory activity of the Compound (I) and the results 
are shown in the following. 
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Bone resorption-inhibitory activity 

The determination of the bone resorption-inhibitory activity basically followed the nnethod of Raisz [J. 
Clin. Invest, vol. 44, pp. 103-116 (1965)]. 

A 1-2 days old new born ICR mouse was intraperltoneally administered with 1.5 u CI '^^Ca (CaCb 
solution of isotope of calcium) and parietal bone was asceptically removed the next day. The parietal bone 
was split into two along the central sature line and one of them was used as a control and the other was 
used for the experiment. The bone was preincubated in 0.5 ml of a BGJb medium (Fitton-Jackson 
modification, GIBCO Laboratories, USA) added with the test compound to a concentration of 5 uM or 20 
juiM and bovine serum albumin (1 mg/ml) at 37 ''C for 2 days, and further incubated in the aforementioned 
medium containing 50 nM hPTH (1-34) for 3 days. After the incubation, the radioactivity of "^^Ca in the 
medium and in the bone was measured and the ratio (%) of "^^Ca released from the bone into the medium 
was calculated. 

Percent **Ca released from the bone into the medium (%)= 

*®Ca count in the medium 
— X 100 

^'^Ca count in the medium + ^'^Ca count in the bone 

Using the bone obtained from the same mouse and treated in the same manner without the test 
compound as a control, the ratio (%) against the control was calculated according to the following equation. 

Ratio against the control (%)= 

ratio of ^'Ca released from the experiment bone 

into the medium {%) 

: — X 100 

ratio of ^'^Ca released from the control bone 

into the medium {%) 



The average of these values obtained from four pairs from each group was calculated. The results are 
shown in Tables 20 and 21 . 
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The acute toxicity of the compounds of the present invention was exannined using 6 nnale mice. The 
test compound was orally administered and the mice were observed for 5 days. As a result, no death case 
was found at the dose of 1000 mg/kg. 

5 As demonstrated in the above, the compounds of the formula (I) of the present invention have superior 
bone resorption-inhibitory activity and are low toxic. It is evident from the results of the aforementioned 
bone resorption-inhibitory action test that these compounds have an action to reduce the Increased amount 
of calcium in blood serum, which is caused by bone resorption. Accordingly, these compounds are usable 
as pharmaceutical agents to effectively Inhibit bone resorption, to prevent decrease of bone mass and to 

10 prevent or suppress the increase of calcium amount in blood serum which is caused by the progress of 
bone resorption, with regard to Paget's disease, hypercalcemia, osteoporosis and so on In which the 
progress of bone resorption Is considered to be deeply associated with the symptom, and to the symptoms 
of progressing bone resorption (development into osteoporosis) along with inflammatory joint diseases such 
as rheumatoid arthritis. 

75 The compounds of the formula (I) and pharmaceutically acceptable salts thereof of the present invention 
are used as they are or as pharmaceutical compositions admixed with carrier, exclplent and so on known 
per se such as lactose, starch, sucrose and magnesium stearate. The administration route may be oral or 
parenteral. The composition for oral administration may be solid or liquid. Specific examples include tablets, 
pills, granules, powders, capsules, syrups, emulsions and suspensions. Examples of the composition for 

20 parenteral administration include injections, suppositories. Inhalations and percutaneous agents and the 
Injections may be subcutaneous injections, intradermal Injections or Intramuscular injections. Such Injections 
are prepared by a method known per se, by suspending or emulsifying the compound in a sterile aqueous 
solution such as physiological saline or isotonic solution or oily solution such as sesami oil or soy bean oil. 
Where necessary, a suitable suspending agent such as sodium carboxymethylcellulose or non-ionic 

25 surfactant, a solubilizer such as benzyl benzoate or benzyl alcohol, or the like may be added. While the 
dose varies depending on administration targets, administration route, symptom etc., it is generally 0.1-500 
mg, preferably 0.1-100 mg dally for an adult. 

The present Invention is herelnbelow described In datall by way of examples and pharmaceutical 
examples. It should be understood that the present invention is not limited to these examples. 

30 

Example 1 

2-Amino-5-(2-(4-isobutylphenyl)ethyl)-3-(2-chlorobenzoyl)thiophene (4.7 g) was dissolved in chloroform 
(100 ml) and D,L-N-phthalylphenylalanyl chloride (4.7 g) was added thereto with stirring. The mixture was 

35 refluxed under heating for 10 hours. After cooling, the reaction mixture was washed with 5% aqueous 
solution of sodium hydrogencarbonate and water, and dried over anhydrous magnesium sulfate. The 
mixture was filtered and concentrated under reduced pressure. After the residue was purified by silica gel 
column chromatography, the objective fraction was concentrated under reduced pressure to give 4.2 g of 2- 
(N-phthalylphenylalanyl)amlno-5-(2-(4-lsobutylphenyl)ethyl)-3-(2-chlorobenzoyl)thlophene as an oily sub- 

40 stance. 

The compound (4.1 g) obtained as above was dissolved in methanol (50 ml) and hydrazine hydrate (0.9 
g) was added thereto with stirring. The mixture was stirred at room temperature for 4 hours. Cone, 
hydrochloric acid (3 ml) was added thereto and the mixture was heated and stirred at 60 'C for 3 hours. 
The mixture was concentrated under reduced pressure. The residue was dissolved in chloroform (200 ml), 

45 washed with 5% sodium hydrogencarbonate and water, and dried over anhydrous magnesium sulfate. After 
filtration, the mixture was concentrated under reduced pressure. The obtained oily substance was dissolved 
In isopropyl alcohol (100 ml) and acetic acid (1.8 g) was added thereto. The mixture was heated and stirred 
at 75 'C for 20 hours. The reaction mixture was concentrated under reduced pressure. The residue was 
dissolved in chloroform, washed with 5% aqueous solution of sodium hydrogencarbonate and water, and 

50 dried over anhydrous magnesium sulfate. After filtration, the mixture was concentrated under reduced 
pressure and the residue was purified by silica gel column chromatography. The objective fraction was 
concentrated under reduced pressure to give 1.75 g of 5-(2-chlorophenyl)-7-(2-(4-lsobutylphenyl)ethyl)-1,3- 
dlhydro-3-benzyl-2H-thieno[2,3-e][1 ,4]diazepin-2-one as an amorphous powder. 

The compound (0.8 g) obtained as above was dissolved in chloroform (40 ml) and phosphorus 

55 pentasulflde (0.67 g) was added thereto with stirring. The mixture was refluxed under heating for 4 hours. 
After cooling, the mixture was washed with 5% sodium hydrogencarbonate and water, and dried over 
anhydrous magnesium sulfate. After filtration, the mixture was concentrated under reduced pressure and the 
residue was dissolved In tetrahydrofuran (40 ml). Hydrazine hydrate (0.2 g) was added thereto with stirring 
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and the mixture was stirred for 1 liour. Tlie reaction mixture was concentrated under reduced pressure and 
toluene (30 ml) was added to the residue. The mixture was dried over anhydrous magnesium sulfate and 
filtered. Ethyl orthoacetate (0.8 g) was added to the filtrate with stirring and the mixture was stirred while 
heating at 75 *C for 2 hours. The reaction mixture was concentrated under reduced pressure and the 
6 obtained oily substance was purified by silica gel column chromatography. The objective fraction was 
concentrated under reduced pressure to give 0.4 g of 4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-6- 
benzyl-9-methyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine as an amorphous powder. 

Example 2 

10 

2-Amino-5-(2-(4-isobutylphenyl)ethyl)-3-(2-chlorobenzoyl)thiophene (6.0 g) was dissolved in chloroform 
(100 ml) and D,L-N-phthalylphenylglycyl chloride (6.2 g) was added thereto with stirring. The mixture was 
refluxed under heating for 5 hours. After cooling, the reaction mixture was washed with 5% aqueous sodium 
hydrogencarbonate and water, and dried over anhydrous magnesium sulfate. The mixture was filtered and 

75 concentrated under reduced pressure. The residue was purified by silica gel column chromatography and 
the objective fraction was concentrated under reduced pressure to give 6.3 g of 2-(N-phthalylphenylglycyl)- 
amino-5-(2-(4-isobutylphenyl)ethyl)-3-(2-chlorobenzoyl)thiophene as an oily substance. 

Said compound (5.0 g) was dissolved in tetrahydrofuran (60 ml) and hydrazine hydrate (1.0 g) was 
added thereto with stirring and the mixture was stirred for 2 hours. Cone, hydrochloric acid (3 ml) was 

20 added thereto and the mixture was stirred while heating at 60 "C for 1 hour. The reaction mixture was 
concentrated under reduced pressure. The residue was dissolved in chloroform (200 ml), washed with 5% 
aqueous sodium hydrogencarbonate and water, and dried over anhydrous magnesium sulfate. After 
filtration, the residue was dissolved in isopropyl alcohol (120 ml). Acetic acid (2.3 g) was added thereto and 
the mixture was stirred while heating at 70 - 75 for 40 hours. After cooling, the reaction mixture was 

25 concentrated under reduced pressure. The oily substance obtained was dissolved in chloroform (300 ml), 
washed with 5% aqueous sodium hydrogencarbonate and water, and dried over anhydrous magnesium 
sulfate. After filtration, the oily substance obtained was purified by silica gel column chromatography. The 
objective fraction was concentrated under reduced pressure and the residue was crystallized from isopropyl 
ether to give 0.4 g of 5-(2-chlorophenyl)-7-(2-(4-isobutylphenyl)ethyl)-1 ,3-dihydro-3-phenyl-2H-thieno[2,3-e]- 

30 [1 ,4]diazepin-2-one as colorless crystals, melting point 201 - 203 ° C. 

The aforementioned compound (0.35 g) was dissolved in chloroform (30 ml) and phosphorus pentasul- 
fide (0.3 g) was added thereto with stirring. The mixture was refluxed under heating for 6.5 hours. After 
cooling, the reaction mixture was washed with water and 5% sodium hydrogencarbonate, and dried over 
anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure and the 

35 residue was dissolved in tetrahydrofuran (20 ml). Hydrazine hydrate (0.2 g) was added thereto with stirring 
and the mixture was stirred for 1 hour. The reaction mixture was concentrated under reduced pressure and 
the residue was dissolved in toluene (20 ml). The mixture was dried over anhydrous magnesium sulfate and 
filtered. Ethyl orthoacetate (0.4 g) was added thereto with stirring and the mixture was stirred while heating 
at 80 *C for 2 hours. After cooling, the reaction mixture was concentrated and the oily substance obtained 

40 was purified by silica gel column chromatography. The objective fraction was concentrated under reduced 
pressure and the residue was crystallized from a mixture of isopropyl ether - n-hexane to give 0.12 g of 4- 
(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-6-phenyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]- 
diazepine as colorless crystals, melting point 170 - 172' C. 

45 Example 3 

7-n-Octyl-5-(2-chlorophenyl)-2,3-dihydro-1H-thieno[2,3-e][1,4]diazepin-2-one (3.68 g) was dissolved in 
dry dimethylformamide (30 ml). In an ice bath, sodium hydride (60%, 0.5 g) and then dimethylaminoethyl 
chloride (1.3 g) were added thereto and the mixture was stirred at room temperature for 25 hours. The 

50 reaction mixture was poured into water (100 ml), extracted with ethyl acetate, and an organic layer was 
dried over anhydrous magnesium sulfate. After filtration, the oily substance obtained by concentration under 
reduced pressure was purified by silica gel column chromatography. The objective fraction was con- 
centrated under reduced pressure and the residue (3.55 g) was dissolved in ethyl acetate (20 ml). A 
solution of fumaric acid (1.9 g) in ethanol (20 ml) was added thereto, and the mixture was allowed to stand. 

55 The obtained crystals were recrystallized from isopropyl alcohol to give 2.0 g of 7-n-octyl-5-(2- 
chlorophenyl)-1-(2-dimethylaminoethyl)-1 ,3-dihydro-2H-thieno[2,3-e][1 ,4]diazepin-2-one difumarate as white 
crystals, melting point 117 - 118° C. 
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Preparation of Starting IVIaterial 1 

5-(2-Chlorophenyl)-7-ethyl-1 ,3-dlhydro-2H-thieno[2,3-e]-1 ,4-diazepin-2-one (40 g) was dissolved in clilo- 
roform (600 ml) and phosphorus pentasulfide (117 g) was added thereto with stirring. The nnixture was 

5 refluxed for 3 hours. After the reaction, the reaction nnixture was neutralized with saturated aqueous sodium 
bicarbonate, washed with water, and dried over anhydrous magnesium sulfate. The solvent was distilled 
away under reduced pressure and precipitated crystals were collected by filtration with diisopropyl ether 
and recrystallized from ethanol-chloroform to give 42 g of 5-(2-chlorophenyl)-7-ethyl-1 ,3-dihydro-2H-thieno- 
[2,3-e]-1 ,4-diazepine-2-thione having a melting point of 198 - 199' C. The thione compound obtained (42 g) 

10 was suspended in methanol (300 ml) and 100% hydrazine hydrate (19 ml) was added thereto under 
cooling. The mixture was stirred at room temperature for 2 hours. After the reaction, the precipitated 
crystals were collected by filtration and recrystallized from ethanol-dimethylformamide to give 34 g of 5-(2- 
chlorophenyl)-7-ethyl-1,3-dihydro-2H-thieno[2,3-e]-1,4-diazepine-2-hydrazine, melting point 21 4-21 6 *C. The 
hydrazone compound (20 g) was dissolved in chloroform (200 ml) and cyclohexylcarbonyl chloride (10 g) 

75 was added thereto with stirring. The mixture was stirred at room temperature for 1 hour. After the reaction, 
the reaction mixture was washed with a saturated aqueous solution of sodium bicarbonate and water, dried 
over anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue obtained was 
dissolved in toluene (200 ml) and acetic acid (5.4 ml) was added thereto. The mixture was refluxed for 3 
hours. After the completion of the reaction, the reaction mixture was washed with a saturated aqueous 

20 solution of sodium bicarbonate and water, and dried over anhydrous magnesium sulfate. The mixture was 
concentrated under reduced pressure and the residue was purified by silica gel column chromatography. 
The objective fraction was concentrated under reduced pressure to give 15 g of 4-(2-chlorophenyl)-9- 
cyclohexyl-2-ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepine, melting point 116 - 119° C. 

25 Preparation of Starting Material-2 

4-(2-Chlorophenyl)-9-cyclohexyl-2-ethyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine (3.4 g) and 
sodium hydride (0.56 g) were added to diethyl carbonate (50 ml) and the mixture was heated. After 
refluxing for 1 hour, the reaction mixture was cooled to 20 °C, and 0-(2,4-dinitrophenyl)hydroxylamine (2.1 

30 g) was added thereto. The mixture was stirred for 2 hours. After the reaction, the reaction mixture was 
poured into ice water, and the diethyl carbonate layer was separated. The diethyl carbonate layer was 
washed twice with water, and dried over anhydrous magnesium sulfate. Diisopropyl ether was added to the 
residue obtained by distilling away diethyl carbonate under reduced pressure. The precipitated crystals 
were collected by filtration and recrystallized from ethyl acetate to give 2.1 g of ethyl (6-amino-4-(2- 

35 chlorophenyl)-9-cyclohexyl-2-ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)carboxylate having 
a melting point of 140 - 145'C. Ethyl (6-amino-4-(2-chlorophenyl)-9-cyclohexyl-2-ethyl-6H-thieno[3,2-f]- 
[1 ,2,4]triazolo[4,3-a][1 ,4]diazepin-6-yl)carboxylate (1.8 g) was dissolved in a mixture of ethanol (60 ml) and 
water (20 ml) and barium hydroxide 8 hydrate (1.14 g) was added thereto. The mixture was stirred at room 
temperature for 24 hours. The solvent was distilled away under reduced pressure and water (50 ml) was 

40 added thereto. The mixture was adjusted to pH 2 with IN hydrochloric acid and stirred for 1 hour. The 
reaction mixture was neutralized with aqueous sodium hydrogencarbonate and extracted twice with 
chloroform. The organic layer was dried over anhydrous magnesium sulfate, and the solvent was distilled 
away under reduced pressure. The residue was purified by silica gel column chromatography. The solvent 
was distilled away and the crystals obtained were recrystallized from diisopropyl ether to give 1 .0 g of 6- 

45 amino-4-(2-chlorophenyl)-9-cyclohexyl-2-ethyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine having a 
melting point of 175 - 176*0. 

Preparation of Starting Material-3 

50 In the same manner as in Preparation of Starting Material-2, 6-amino-4-(2-chlorophenyl)-2-ethyl-9- 
phenyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine was obtained from 4-(2-chlorophenyl)-2-ethyl-9- 
phenyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine. 

Preparation of Starting Material-4 

55 

In the same manner as in Preparation of Starting Material-2, 6-amino-4-(2-chlorophenyl)-9-cyclopentyl- 
2-ethyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine was obtained from 4-(2-chlorophenyl)-9-cyclopen- 
tyl-2-ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepine. 
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Preparation of Starting Material-5 

In the same manner as in Preparation of Starting Material-2, 6-amino-4-(2-chlorophenyl)-9-cyclopropyl- 
2-ethyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine was obtained from 4-(2-chlorophenyl)-9- 
6 cyclopropyl-2-ethy!-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]dlazepine. 

Preparation of Starting Material-6 

4-(2-Ch!orophenyl)-9-cyclohexyl-2-ethyl-6H-thieno[3,2-f][1 ,2,4]triazo!o[4,3-a][1 ,4]diazepine (3.4 g) and 

10 sodium hydride (0.56 g) were added to diethyl carbonate (50 ml) and the mixture was heated. After 
refluxing for 1 hour, the reaction mixture was cooled to room temperature and 3-bromo-N- 
phthaloylpropylamine (2.3 g) was added thereto. The mixture was refluxed for 1 hour and the reaction 
mixture was poured into ice water. The diethyl carbonate layer was separated, washed twice with water, and 
dried over anhydrous magnesium sulfate. Diethyl carbonate was distilled away under reduced pressure and 

75 the residue was purified by silica gel column chromatography to give 2.4 g of ethyl (4-(2-chlorophenyl)-2- 
ethy!-9-cyclohexyl-6-(N-phtha!y!propylamino)-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)- 
carboxylate. Ethyl (4-(2-chlorophenyl)-9-cyclohexyl-2-ethyl-6-(N-phthalylpropylamino)-6H-thieno[3,2-f][1 ,2,4]- 
triazolol[4,3-a] [1 ,4]diazepin-6-yl)carboxylate (2.4 g) was dissolved in a mixture of ethanol (60 ml) and water 
(20 ml) and barium hydroxide 8 hydrate (1.14 g) was added thereto. The mixture was stirred at room 

20 temperature for 24 hours. The solvent was distilled away under reduced pressure and water (50 ml) was 
added thereto. The mixture was adjusted to pH 2 with IN hydrochloric acid. After stirring for 1 hour, the 
mixture was neutralized with aqueous sodium hydrogencarbonate and extracted twice with chloroform. The 
organic layer was dried over anhydrous magnesium sulfate and the solvent was distilled away under 
reduced pressure. The residue was dissolved in ethanol (50 ml), and hydrazine hydrate (1 .25 g) was added 

25 thereto. The mixture was refluxed for 3 hours. After the reaction, ethanol was distilled away under reduced 
pressure and chloroform and water were added to the residue to allow precipitation of crystals. The crystals 
were filtered off and the chloroform layer was washed with a saturated aqueous solution of sodium 
bicarbonate. The chloroform layer separated was dried over anhydrous magnesium sulfate. The solvent was 
distilled away under reduced pressure and the residue was purified by silica gel column chromatography to 

30 give 1 .2 g of 6-(3-aminopropyl)-4-(2-chlorophenyl)-9-cyclohexyl-2-ethyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a]- 
[1 ,4]diazepine. 

Example 4 

35 6-Amino-4-(2-chlorophenyl)-9-cyclohexyl-2-ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepine (0.6 
g) was dissolved in chloroform (15 ml) and 4-methoxyphenyl isocyanate (0.2 ml) was added thereto. The 
mixture was stirred for 30 minutes. The reaction mixture was purified by silica gel column chromatography 
and crystals obtained were recrystallized from methanol to give 0.49 g of N-(4-(2-chlorophenyl)-9- 
cyclohexyl-2-ethyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepin-6-yl)-N'-(4-methoxyphenyl)urea having a 

40 melting point of 268 - 269 • C. 

Example 5 

In the same manner as in Example 4, N-(2-chlorophenyl)-N'-(4-(2-chlorophenyl)-9-cyclohexyl-2-ethyl- 

45 6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepin-6-yl)urea having a melting point of 260 °C was obtained 
from 6-amino-4-(2-chlorophenyl)-9-cyclohexyl-2-ethyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine and 
(2-chlorophenyl)isocyanate. 

Example 6 

50 

In the same manner as in Example 4, N-(4-(2-chlorophenyl)-9-cyclohexyl-2-ethyl-6H-thieno[3,2-f][1 ,2,4]- 
triazolo[4,3-a][1 ,4]diazepin-6-yl)-N'-(3-methylphenyl)urea having a melting point of 259 - 260*0 was ob- 
tained from 6-amino-4-(2-chlorophenyl)-9-cyclohexyl-2-ethyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]- 
diazepine and (3-chlorophenyl)isocyanate. 

55 



82 



EP 0 638 560 A1 



Reference Example 1 

In a nitrogen atnnosphere, 4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]- 
diazepine (1 g) was dissolved in diethyl carbonate (35 ml) and 60% sodium hydride was added thereto at 

5 room temperature with stirring. After refluxing under heating for 2 hours, the reaction mixture was cooled to 
room temperature and ethyl bromoacetate (0.32 ml) was added thereto. After stirring at room temperature 
for 3 hours, the reaction mixture was poured into cold water and extraceted with ethyl acetate. The extract 
was washed with water, dried over anhydrous magnesium sulfate, filtered, and concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography and the objective fraction was 

10 concentrated under reduced pressure. The residue concentrated was suspended in a mixture of ethanol (90 
ml) and water (30 ml). To the suspension was added barium hydroxide 8 hydrate (0.65 g) at room 
temperature with stirring and the mixture was stirred at room temperature for 10 hours. The reaction mixture 
was concentrated under reduced pressure and water was added to the residue. The mixture was washed 
with ethyl acetate. The aqueous layer was adjusted to pH 2 with 6N hydrochloric acid and allowed to stand 

75 at room temperature overnight. The reaction mixture was neutralized with sodium hydrogencarbonate and 
extracted with ethyl acetate. The extract was dried over anhydrous magnesium sulfate and filtered. The 
filtrate was concentrated under reduced pressure and isopropyl ether was added for crystallization. As a 
result, 0.15 g of (4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepin-6-yl)- 
acetic acid (0.15 g) was obtained as pale brown crystals, melting point 198 - 202 *C. 

20 

Reference Example 2 

5-(2-Chlorophenyl)-7-ethyl-1-methyl-2-oxo-1 ,3-dihydro-2H-thieno[2,3-e]-1 ,4-diazepin-3-yl)acetic acid hav- 
ing a melting point of 228 - 231 was obtained from 5-(2-chlorophenyl)-7-ethyl-1-methyl-1,3-dihydro-2H- 
25 thieno[2,3-e]-1,4-diazepin-2-one by the same reaction and treatment as in Reference Example 1. 

Example 7 

(4-(4-Chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepin-6-yl)acetic acid (2 
30 g) obtained in Reference Example 1 was dissolved in dimethylformamide (50 ml), and aniline (0.59 ml), 
triethylamine (1.4 ml) and 1-hydroxybenzotriazole (0.75 g) were added thereto at room temperature with 
stirring. The mixture was cooled to O'C or below with stirring and N-ethyl-N'-(3-dimethylaminomethyl)- 
carbodiimide hydrochloride (1 .05 g) was added thereto. The mixture was heated to room temperature and 
allowed to stand overnight. The reaction mixture was poured into water and extrated with ethyl acetate. The 
35 organic layer was washed with IN acetic acid, IN sodium hydroxide and water, and dried over an hydrous 
magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure, and crystals 
obtained were recrystallized from ethanol to give 1 .4 g of N-phenyl-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H- 
thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepin-6-yl)acetamide having a melting point of 238 - 239 ' C. 
The following compounds were obtained in the same manner as above. 

40 

Example 8 

N-(3-Methylphenyl)-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6- 
yl)acetamide, melting point 247 - 248 " C 

45 

Example 9 

N-(3-Chlorophenyl)-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6- 

yl) acetamide, melting point 217 - 218° C 

50 

Example 10 

N-(2-Methoxyphenyl)-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin- 
6-yl)acetamide, melting point 198 - 200 *C 

55 
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Example 1 1 

N-(3-Methoxyphenyl)-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4^^^ 
6-yl)acetamide, melting point 244 " C 

6 

Example 12 

6-Amino-4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine (1 .6 g) 
was dissolved in chloroform (8 ml) and triethylamine (0.69 ml) was added thereto with stirring, p- 

10 Toluenesulfonyl chloride (0.94 g) was added thereto with stirring at room temperature and the mixture was 
refluxed under heating with stirring for 2 hours in an oil bath. After cooling, the reaction mixture was 
concentrated under reduced pressure and the residue was purified by silica gel column chromatography. 
The objective fraction was concentrated under reduced pressure and isopropyl ether was added to the 
residue for crystallization. As a result, 1.25 g of crystals of N-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno- 

75 [3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)-p-toluenesulfonamide having a melting point of 239 - 242 *C 
was obtained. 

The following compound was obtained in the same manner as above. 
Example 13 

20 

N-(4-(2-Chlorophenyl)-2-(4-isobutylphenyl)ethyl-9-methyl-6H-thieno[3,24][1,2,4]triazolo[4,3-a][1,4]diazepin-6- 
yl)-p-toluenesulfonamide, melting point 158 - 162°C 

Example 14 

25 

5-(2-Chlorophenyl)-7-ethyl-1-methyl-1,3-dihydro-2H-thieno[2,3-e][1,4]diazepin-2-one (3 g) was dissloved 
in chloroform (60 ml) and m-chloroperbenzoic acid (4.3 g) was added thereto with stirring at room 
temperature. The mixture was further stirred for 8 hours. The reaction mixture was washed with 0.5N 
sodium hydroxide and water and dried over magnesium sulfate. After filtration, the filtrate was concentrated 

30 under reduced pressure and the residue obtained was dissolved in acetic anhydride (30 ml). The mixture 
was stirred while heating at 70 'C. After cooling, the reaction mixture was poured into water and neutralized 
with sodium hydrogencarbonate. After the mixture was extracted with ethyl acetate, the organic layer was 
washed with an aqueous solution of sodium hydrogencarbonate and water, and dried over anhydrous 
magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure, and the residue 

35 was dissloved in methanol (40 ml). A solution of sodium hydroxide (0.6 g) in water (10 ml) was added 
thereto at room temperature with stirring and the mixture was stirred at room temperature for 3 hours. The 
reaction mixture was concentrated under reduced pressure and water (50 ml) was added thereto. After the 
mixture was extracted with ethyl acetate, the organic layer was dried over anhydrous magnesium sulfate, 
filtered, and concentrated under reduced pressure. The residue obtained was purified by silica gel column 

40 chromatography to give 1.3 g of crude 5-(2-chlorophenyl)-7-ethyl-3-hydroxy-1-methyl-1,3-dihydro-2H-thieno- 
[2,3-e][1 ,4]diazepin-2-one. This compound (0.7 g) was dissolved in toluene (20 ml) and 3-methyl- 
phenylisocyanate (0.31 g) was added thereto. The mixture was stirred for 2 days while heating at 90 ° C. 
After cooling, the reaction mixture was concentrated under reduced pressure and the residue was purified 
by silica gel column chromatography to give 0.25 g of (5-(2-chlorophenyl)-7-ethyl-1-methyl-oxo-1,3-dihydro- 

45 2H-thieno[2,3-e][1 ,4]diazepin-3-yl)-N-(3-methylphenyl)carbamate having a melting point of 181 - 182.5"C. 
The following compound was obtained in the same manner as above. 

Example 15 

50 (4-(4-Methoxyphenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)-N-(3- 
methylphenyl)carbamate, melting point 190 - 192' C 

Reference Example 3 

55 4-Methoxycyanoacetophenone (89 g) and sulfur (16 g) were suspended in dimethylformamide (200 ml) 
and butyraldehyde (36.1 g) was added thereto under ice-cooling. Then, triethylamine (50.6 g) was added 

thereto and the mixture was allowed to react at 50 - 55° C for 1.5 hours with stirring. The reaction mixture 
was poured into ice water and extracted with ethyl acetate (1500 ml). The extract was washed with water 
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and dried over anhydrous nnagneslunn sulfate. After filtration, the filtrate was concentrated under reduced 
pressure and crystallized from hexane-isopropyl ether (4:1) to give 110 g of 2-amino-5-ethyl-3-(4-methox- 
ybenzoyl)-thiophene as dark brown crystals. 

The compound (110 g) obtained as above was dissolved in chloroform (400 ml) and chloroacetyl 

5 chloride (50.1 g) was added thereto with stirring. The mixture was refluxed for 1 hour under heating with 
stirring. After cooling, the reaction mixture was washed with 5% aqueous sodium hydrogencarbonate and 
water, and dried over anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under 
reduced pressure and crystallized from isopropyl ether to give 125 g of 2-chloroacetylamino-5-ethyl-3-(4- 
methoxybenzoyl)thiophene as brown crystals. 

10 Said chloroacetyl compound (125 g) and sodium iodide (62 g) were suspended in tetrahydrofuran (500 
ml) and the suspension was refluxed for 2 hours under heating with stirring. The reaction mixture was 
cooled to -50 *C and liquid ammonia (ca. 100 ml) was added thereto at once with stirring. The temperature 
of the reaction mixture was raised to room temperature over 2 hours. After removing ammonia with an 
aspirator, the reaction mixture was concentrated under reduced pressure and the residue was dissolved in 

75 isopropyl alcohol (500 ml). Thereto was added acetic acid (26.7 g) and the mixture was refluxed for 14 
hours under heating with stirring. After concentration under reduced pressure, the residue was dissolved in 
chloroform (500 ml), and washed with 5% aqueous sodium hydrogencarbonate and saline, and dried over 
anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure and the 
residue was crystallized from isopropyl ether-ethyl acetate (5:1) to give 52 g of 7-ethyl-1 ,3-dihydro-5-(4- 

20 methoxyphenyl)thieno[2,3-e][1 ,4]diazepin-2-one as yellow crystals. 

The diazepine compound (52 g) obtained as above was dissolved in dichloromethane (500 ml), and 
phosphorus pentasulfide (46 g) was added thereto. The mixture was refluxed for 3 hours under heating with 
stirring. After cooling, the reaction mixture was washed with 5% aqueous sodium hydrogencarbonate and 
water, and dried over anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under 

25 reduced pressure to give 7-ethyl-5-(4-methoxyphenyl)-1 ,3-dihydro-2H-thieno[2,3-e][1 ,4]diazepine-2-thione as 
an oily substance. 

The thione compound obtained as above was suspended in methanol (600 ml) and 100% hydrazine 
hydrate (25.1 ml) was added thereto under ice-cooling with stirring. The mixture was stirred at room 

temperature for 1 hour and concentrated under reduced pressure. The residue was crystallized from 
30 isopropyl ether to give 39 g of 7-ethyl-2-hydrazino-5-(4-methoxyphenyl)-3H-thieno[2,3-e][1,4]diazepine as 
reddish brown crystals. 

Reference Example 4 

35 4-Methylcyanoacetophenone (120 g) and sulfur (24.2 g) were suspended in dimethylformamide (300 ml) 
and butyraldehyde (54.4 g) was added thereto. Then, triethylamine (76.3 g) was added thereto and the 
mixture was reacted at 70 °C for 1.5 hours with stirring. The reaction mixture was poured into ice water, 
extracted with ethyl acetate, washed with water and dried over anhydrous magnesium sulfate. After filtration, 
the filtrate was concentrated under reduced pressure to give 244 g of 2-amino-5-ethyl-3-(4-methylbenzoyl)- 

40 thiophene as dark brown crystals. 

Said compound (244 g) was dissolved in chloroform (1200 ml) and chloroacetyl chloride (112 g) was 
added thereto with stirring. The mixture was stirred at room temperature for 1 hour. The reaction mixture 
was washed with 5% aqueous sodium hydrogencarbonate and water, and dried over anhydrous magnesium 
sulfate. 

45 After filtration, the residue obtained by concentration under reduced pressure was suspended in 
tetrahydrofuran (1000 ml) and sodium iodide (149 g) was added thereto. The mixture was refluxed under 
heating with stirring for 2 hours. The reaction mixture was cooled to -50 *C and liquid ammonia (ca. 120 ml) 
was added at once with stirring. The temperature of the reaction mixture was raised to room temperature 
over 2 hours. After removing ammonia with an aspirator, the reaction mixture was concentrated under 

50 reduced pressure and the residue was dissolved in isopropyl alcohol (1200 ml). Thereto was added acetic 
acid (72 g) and the mixture was allowed to react at 70 *C for 14 hours with stirring. After concentration 
under reduced pressure, the residue was dissolved in chloroform (1000 ml), washed with 5% aqueous 
sodium hydrogencarbonate and saline and dried over anhydrous magnesium sulfate. After filtration, the 
filtrate was concentrated under reduced pressure and the residue was purified by silica gel chromatography 

55 to give 25 g of 7-ethyl-1 ,3-dihydro-5-(4-methylphenyl)-thieno[2,3-e][1 ,4]diazepin-2-one. 

The aforementioned diazepine compound (25 g) was dissolved in chloroform (300 ml) and phosphorus 
pentasulfide (7.5 g) was added thereto, followed by reflux under heating with stirring for 3 hours. After 
cooling, the mixture was washed with 5% aqueous sodium hydrogencarbonate and water and dried over 
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anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure to give 
20 g of 7-ethyl-5-(4-methylphenyl)-1 ,3-dihydro-2H-thieno[2,3-e][1 ,4]diazepine-2-thione as orange crystals. 

The thione compound (20 g) as mentioned above was suspended in methanol (100 ml) and 100% 
hydrazine hydrate (13.2 g) was added thereto. The mixture was stirred at room temperature for 0.5 hour. 
6 Concentration under reduced pressure gave 18.3 g of 7-ethyl-2-hydrazino-5-(4-methylphenyl)-3H-thieno[2,3- 
e][1 ,4]diazepine as red brown crystals. 

Reference Example 5 

10 2-Aminobenzophenone (25 g) was dissolved in chloroform (250 ml) and chloroacetyl chloride (17.2 g) 
was added thereto with stirring. The mixture was refluxed under heating for 1 hour. The reaction mixture 
was washed with water and dried over anhydrous magnesium sulfate. After filtration, the filtrate was 
concentrated under reduced pressure and the residue was suspended in tetrahydrofuran (250 ml). Thereto 
was added sodium iodide (28.6 g) and the mixture was refluxed under heating with stirring for 2 hours. 

75 The reaction mixture was cooled to -50 *C and liquid ammonia (ca. 50 ml) was added at once with 
stirring. The temperature of the reaction mixture was raised to room temperature over 2 hours. After 
removing ammonia with an aspirator, the reaction mixture was distilled under reduced pressure and ethyl 
acetate (250 ml) was added thereto. After washing with water, the mixture was dried over magnesium 
sulfate. After filtration, the filtrate was concentrated under reduced pressure. The residue was dissolved in 

20 isopropyl alcohol (300 ml). Thereto was added acetic acid (9.1 g) and the mixture was refluxed under 
heating with stirring for 14 hours. After concentration under reduced pressure, the residue was dissolved in 
chloroform (300 ml), washed with 5% aqueous sodium hydrogencarbonate and saline, and dried over 
anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure and 
ethyl acetate (100 ml) was added to the residue to allow crystallization to give 21 g of 1 ,3-dihydro-5-phenyl- 

25 2H-1 ,4-benzodiazepin-2-one as crystals. 

The aforementioned diazepine compound (18 g) was dissolved in dioxane (150 ml) and phosphorus 
pentasulfide (6.8 g) was added thereto, followed by reflux under heating with stirring for 2 hours. After 
cooling, the mixture was washed with 5% aqueous sodium hydrogencarbonate and saline and dried over 
anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure to give 

30 10.6 g of 1 ,3-dihydro-5-phenyl-2H-1 ,4-benzodiazepine-2-thione. 

The thione compound (5.5 g) mentioned above was suspended in methanol (50 ml) and 100% 
hydrazine hydrate (2.1 ml) was added thereto with stirring under ice-cooling. The mixture was stirred at 
room temperature for 3 hours. Concentration under reduced pressure gave 5.0 g of a hydrazono compound 
as an oily substance. 

35 

Example 16 

The hydrazono compound (5 g) obtained in Reference Example 3 was suspended in chloroform (100 
ml) and n-dodecanoyi chloride (4.2 g) was added thereto. The mixture was stirred at room temperature for 1 

40 hour. After washing with 5% aqueous sodium hydrogencarbonate and water, the mixture was dried over 
anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure and the 
residue was dissolved in toluene (100 ml). Thereto was added acetic acid (1.1 ml) with stirring and the 
mixture was refluxed under heating with stirring for 1 hour. After cooling, the reaction mixture was washed 
with 5% aqueous sodium hydrogencarbonate and water, and dried over anhydrous magnesium sulfate. After 

45 filtration, the filtrate was concentrated under reduced pressure. The residue obtained was crystallized from 
isopropyl ether to give 7.8 g of 2-ethyl-4-(4-methoxylphenyl)-9-undecyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a]- 
[1 ,4]diazepine as white crystals. 

Example 17 

50 

Anhydrous aluminum chloride (78.1 g) was suspended in dichloromethane (700 ml) and thereto was 
dropwise added n-butylmercaptan (106 ml) with stirring under ice-cooling. Thereto was added 2-ethyl-4-(4- 
methoxylphenyl)-9-undecyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine (40 g) obtained in Example 1 
under ice-cooling. After stirring at room temperature for 20 hours, the reaction mixture was washed with 5% 
55 aqueous sodium hydrogencarbonate and water and dried over anhydrous magnesium sulfate. After filtration, 
the filtrate was concentrated under reduced pressure and purified by silica gel column chromatography to 
give 20 g of 2-ethyl-4-(4-hydroxyphenyl)-9-undecyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine as cry- 
stals, melting point 164.5 - 166.5*'C. 
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Example 18 

The hydrazono compound (6 g) obtained in Reference Example 4 was suspended in chloroform (50 ml) 
and thereto was added stearyl chloride (6.7 g). The mixture was stirred at room temperature for 1 hour. 

5 After washing with 5% aqueous sodium hydrogencarbonate and water, the mixture was dried over 
anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure and the 
residue was dissolved in toluene (100 ml). Thereto was added acetic acid (1.25 ml) with stirring and the 
mixture was refluxed under heating with stirring for 1 hour. After cooling, the mixture was washed with 5% 
aqueous sodium hydrogencarbonate and water and dried over anhydrous magnesium sulfate. After filtration, 

10 the filtrate was concentrated under reduced pressure and the residue was purified by silica gel column 
chromatography. The obtained oily substance was crystallized from ethyl acetate-hexane to give 2-ethyl-9- 
heptadecyl-4-(4-methylphenyl)-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine as white crystals, melting 
point 78 - 80 • C. 

75 Example 19 

The hydrazono compound (5.0 g) obtained in Reference Example 5 was suspended in chloroform (50 
ml) and thereto was added n-dodecanoyi chloride (5.8 g). The mixture was stirred at room temperature for 1 
hour. After washing with 5% aqueous sodium hydrogencarbonate and water, the reaction mixture was dried 

20 over anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure and 
the residue was dissolved In toluene (50 ml). Thereto was added acetic acid (1 .5 ml) with stirring and the 
mixture was refluxed under heating with stirring for 1 hour. After cooling, the mixture was washed with 5% 
aqueous sodium hydrogencarbonate and water and dried over anhydrous magnesium sulfate. After filtration, 
the filtrate was concentrated under reduced pressure and the residue was purified by silica gel column 

25 chromatography. The oily substance obtained was crystallized from hexane to give 3.4 g of 6-phenyl-1- 
undecyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine as white crystals, melting point 76 - 77 ° C. 

Example 20 

30 2-Ethyl-4-(4-methoxylphenyl)-9-undecyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine (8.0 g) ob- 
tained in Example 16 was suspended in water (200 ml). Thereto was added sulfuric acid (7.6 ml) and the 
mixture was stirred at 80 • C for 2 hours. Thereto was gradually added dropwise a solution of sodium nitrite 
(7.6 g) in water (25 ml) and the mixture was stirred at 80°C for 3 hours. After cooling, potassium carbonate 
was added thereto to make the reaction mixture alkaline. The mixture was extracted with ethyl acetate, 

35 washed with water and dried over anhydrous magnesium sulfate. After filtration, the filtrate was con- 
centrated under reduced pressure and the residue was purified by silica gel column chromatography to give 
4.4 g of 5-ethyl-3-(4-methoxybenzoyl)-2-(3-hydroxymethyl-5-undecyl-1,2,4-triazol-4-yl)thiophene as an oily 
substance. 

40 Example 21 

2-Ethyl-4-(4-hydroxyphenyl)-9-undecyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine (20 g) obtained 
in Example 17 was dissolved in dioxane (300 ml). Thereto were added water (300 ml) and sulfuric acid (12 
ml) and the mixture was stirred at 80 * C for 2 hours. Thereto was gradually added dropwise a solution of 

45 sodium nitrite (30 g) in water (100 ml) and the mixture was stirred at 80 °C for 3 hours. After cooling, 
potassium carbonate was added thereto to make the reaction mixture alkaline. The mixture was extracted 
with ethyl acetate, washed with water and dried over anhydrous magnesium sulfate. After filtration, the 
filtrate was concentrated under reduced pressure and purified by silica gel column chromatography to give 
11 g of 5-ethyl-3-(4-hydroxybenzoyl)-2-(3-hydroxymethyl-5-undecyl-1,2,4-triazol-4-yl)thiophene as an oily 

50 substance. 

Example 22 

2-Ethyl-9-heptadecyl-4-(4-methylphenyl)-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine (6 g) ob- 
55 tained in Example 18 was dissolved in dioxane (60 ml). Thereto were added water (60 ml) and sulfuric acid 
(2.9 ml) and the mixture was stirred at 80-C for 2 hours. A solution of sodium nitrite (7.6 g) in water (25 ml) 
was gradually added dropwise and the mixture was stirred at 80 ° C for 3 hours. After cooling, potassium 
carbonate was added thereto to make the reaction mixture alkaline. The mixture was extracted with ethyl 
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acetate, washed with water and dried over anhydrous magnesium sulfate. After filtration, the filtrate was 
concentrated under reduced pressure and the residue was purified by silica gel column chromatography. 
The oily substance obtained was crystallized from hexane to give 0.6 g of 5-ethyl-3-(4-methylbenzoyl)-2-(5- 
heptadecyl-3-hydroxymethyl-1 ,2,4-triazol-4-yl)thiophene as white crystals, melting point 68 - 69 * C. 

6 

Example 23 

6-Phenyl-1-undecyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepine(3.2 g) obtained in Example 19 was dis- 
solved in dioxane (30 ml). Thereto were added water (30 ml) and sulfuric acid (2.1 ml) and the mixture was 

10 stirred at 60 °C for 1 hour. Thereto was gradually added dropwise a solution of sodium nitrite (5.5 g) in 
water (20 ml) and the mixture was stirred at 70 °C for 2 hours. After cooling, potassium carbonate was 
added thereto to make the reaction mixture alkaline. The mixture was extracted with ethyl acetate, washed 
with water and dried over anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under 
reduced pressure and the residue was purified by silica gel column chromatography to give 0.4 g of 2-(3- 

75 hydroxymethyl-5-undecyl-1,2,4-triazol-4-yl)benzophenone as an oily substance, melting point 111 - 112* C. 

Example 24 

5-Ethyl-3-(4-methoxybenzoyl)-2-(3-hydroxymethyl-5-undecyl-1 ,2,4-triazol-4-yl)thiophene (4.4 g) obtained 
20 in Example 20 was dissolved in ethanol (100 ml). Thereto was added sodium borohydride (0.16 g) with 
stirring and the mixture was stirred at room temperature for 1 hour. After the ethanol was distilled away, 5% 
aqueous sodium hydrogencarbonate was added thereto and the liberated oily substance was extracted with 
ethyl acetate. The extract was washed with water and dried over anhydrous magnesium sulfate. After 
filtration, the filtrate was concentrated under reduced pressure and toluene (100 ml) was added to the 
25 residue. The mixture was refluxed under heating with stirring and sulfuric acid was gradually added 
dropwise until the reaction ended. After cooling, 5% aqueous sodium hydrogencarbonate was added thereto 
and the mixture was extracted with ethyl acetate. The extract was washed with water and dried over 
anhydrous magnesium sulfate. After filtration, the residue was concentrated under reduced pressure and the 
residue was purified by silica gel column chromatography. The oily substance obtained was crystallized 
30 from hexane to give 1.64 g of 2-ethyl-4-(4-methoxyphenyl)-9-undecyl-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4- 
c][1 ,4]oxazepine as white crystals, melting point 91 - 93 * C. 

Example 25 

35 5-Ethyl-3-(4-hydroxybenzoyl)-2-(3-hydroxymethyl-5-undecyl-1 ,2,4-triazol-4-yl)thiophene (1 1 g) obtained 
in Example 21 was dissolved in ethanol (60 ml). Thereto was added sodium borohydride (431 mg) with 

stirring and the mixture was stirred at room temperature for 1 hour. After the ethanol was distilled away, 5% 
aqueous sodium hydrogencarbonate was added to the residue and the liberated oily substance was 
extracted with ethyl acetate. The extract was washed with water and dried over anhydrous magnesium 

40 sulfate. After filtration, the filtrate was concentrated under reduced pressure and toluene (150 ml) was added 
to the residue. The mixture was refluxed under heating with stirring and sulfuric acid was gradually added 
dropwise until the reaction ended. After cooling, 5% aqueous sodium hydrogencarbonate was added thereto 
and the mixture was extracted with ethyl acetate. The extract was washed with water and dried over 
anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure and the 

45 oily substance obtained was crystallized from Isopropyl ether-ethyl acetate (4:1) to give 6.5 g of 2-ethyl-4- 
(4-hydroxyphenyl)-9-undecyl-4H,6H-thieno[2,3-e][1,2,4]triazolo[3,4-c][1,4]oxazepine as white brown crystals, 
melting point 96 - 98 C. 

Example 26 

50 

5-Ethyl-3-(4-methylbenzoyl)-2-(5-heptadecyl-3-hydroxymethyl-1 ,2,4-triazol-4-yl)thiophene (3 g) obtained 
in Example 22 was dissolved in ethanol (30 ml). Thereto was added sodium borohydride (0.1 g) with stirring 

and the mixture was stirred at room temperature for 1 hour. After the ethanol was distilled away, 5% 
aqueous sodium hydrogencarbonate was added thereto and the liberated oily substance was extracted with 
55 ethyl acetate. The extract was washed with water and dried over anhydrous magnesium sulfate. After 
filtration, the filtrate was concentrated under reduced pressure and toluene (120 ml) was added to the 
residue. The mixture was refluxed under heating with stirring and sulfuric acid was gradually added 
dropwise until the reaction ended. After cooling, 5% aqueous sodium hydrogencarbonate was added thereto 
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and the mixture was extracted with ethyl acetate. The extract was washed with water and dried over 
anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure and the 
residue was purified by silica gel chromotography. The oily substance obtained was crystallized from 
hexane to give 0.9 g of 2-ethyl-9-heptadecyl-4-(4-methylphenyl-4H,6H-thieno[2,3-e][1,2,4]triazolo[3,4-c][1,4]- 
5 oxazepine as white crystals, melting point 83 - 84'C. 

Example 27 

2-(3-Hydroxymethy!-5-undecyl-1,2,4-triazol-4-yl)benzophenone (2.7 g) obtained in Example 23 was 
10 dissolved in ethanol (30 ml). Thereto was added sodium borohydride (240 mg) with stirring and the mixture 
was stirred at room temperature for 2 hours. After the ethanol was distilled away, 5% aqueous sodium 
hydrogencarbonate was added thereto and the liberated oily substance was extracted with ethyl acetate. 
The extract was washed with water and dried over anhydrous magnesium sulfate. After filtration, the filtrate 
was concentrated under reduced pressure and toluene (150 ml) was added to the residue. The mixture was 
75 refluxed under heating with stirring and sulfuric acid was gradually added dropwise until the reaction ended. 
After cooling, 5% aqueous sodium hydrogencarbonate was added thereto and the mixture was extracted 
with ethyl acetate. The extract was washed with water and dried over anhydrous magnesium sulfate. After 
filtration, the filtrate was concentrated under reduced pressure and the residue was purified by silica gel 
chromotography. The oily substance obtained was crystallized from hexane to give 1 g of 6-phenyl-1- 
20 undecyl-4H,6H-[1,2,4]triazolo[4,3-a][4,1]benzoxazepine, melting point 83 - 84'C. 

Reference Example 6 

Phosphonium salt (141 g) obtained from n-nonyl bromide (115 ml) and triphenylphosphine (78.5 g) was 

25 dissolved in dry tetrahydrofuran (500 ml) and thereto was dropwise added n-butyl lithium (372 ml, 1.6 M 
hexane solution) over not less than 1 hour at O'C. After the dropwise addition, the reaction mixture was 
stirred at said temperature for 30 minutes and at room temperature for 1 hour. A solution of 4- 
nitrobenzaldehyde (45.3 g) in tetrahydrofuran (150 ml) was dropwise added thereto at 0*C over 1 hour. The 
reaction mixture was stirred at room temperature for 10 hours and filtered. The residue was washed with 

30 ether. The filtrate was concentrated under reduced pressure and purified by silica gel column chromatog- 
raphy (hexane/ethyl acetate = 100:1) to give 70.9 g of 4-(1-decenyl)nitrobenzene (cis/trans = 7:3). 

A mixture of 4-(1 -decenyl)nitrobenzene (12.2 g), acetic acid (120 ml) and palladium black (0.84 g) was 
hydrogenated at room temperature and at 3-4 atm for 12 hours. The catalyst was changed and the reaction 
was continued under the same conditions for 12 hours. The catalyst was filtered off and the filtrate was 

35 concentrated under reduced pressure to give 10.9 g of 4-decylaniline. 

A solution of 4-decylaniline (4.50 g) in dry benzene (20 ml) was dropwise added to a solution of boron 
trichloride (21.2 ml, 1M methylene chloride solution) in dry benzene (10 ml) under ice-cooling. After the 
dropwise addition, benzonitrile (2.96 ml) and aluminum chloride (2.83 g) were added in order and the 
mixture was stirred at room temperature for 20 minutes, followed by reflux under heating overnight. After 

40 cooling, 2N hydrochloric acid was added thereto and the mixture was stirred at 80 'C for 30 minutes. The 
residue was filtered off and the filtrate was extracted with ether and dried over anhydrous magnesium 
sulfate. After filtration, the filtrate was concentrated under reduced pressure and the residue was purified by 
silica gel chromotography (hexane/ethyl acetate = 10:1) to give 2.89 g of 2-amino-5-decylbenzophenone. 

45 Reference Example 7 

Phosphonium salt (141 g) obtained from n-nonyl bromide (115 ml) and triphenylphosphine (78.5 g) was 
dissolved in dry tetrahydrofuran (500 ml) and thereto was dropwise added n-butyl lithium (372 ml, 1.6 M 

hexane solution) over not less than 1 hour at 0°C. After the dropwise addition, the reaction mixture was 
50 stirred at said temperature for 30 minutes and at room temperature for 1 hour, and a solution of 3- 
nitrobenzaldehyde (45.3 g) in tetrahydrofuran (150 ml) was dropwise added thereto, at O'C over 1 hour. 
The reaction mixtures was stirred at room temperature for 10 hours and filtered. The residue was washed 
with ether. The filtrate was concentrated under reduced pressure and purified by silica gel column 
chromatography (hexane/ethyl acetate = 100:1) to give 57.3 g of 3-(1-decenyl)nitrobenzene (cis/trans = 7:3). 
55 A mixture of 3-(1-decenyl)nitrobenzene (43.9 g), acetic acid (200 ml) and palladium black (2.0 g) was 
hydrogenated at room temperature and at atmospheric pressure for 12 hours. The catalyst was changed 
and the reaction was continued for 12 hours under the same conditions. The catalyst was filtered off and 
the residue was concentrated under reduced pressure. The residue obtained was purified by silica gel 
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column chromatography (hexane/chloroform = 10:1 1:2) to give 7.36 g of 3-decylanl!ine. 

A solution of 3-decylaniline (3.82 g) in dry benzene (10 ml) was dropwise added to a solution of boron 
trichloride (36 ml, 1M methylene chloride solution) in dry benzene (10 ml) under ice-cooling. After the 
dropwise addition, benzonitrile (2.51 ml) and aluminum chloride (4.80 g) were added in order and the 

6 mixture was stirred at room temperature for 2 hours, followed by reflux under heating overnight. Thereto 
were added boron trichloride (18 ml, 1M methylene chloride solution), benzonitrile (2.5 ml) and aluminum 
chloride (2.4 g) and the mixture was refluxed under heating for 16 hours. After cooling, 2N hydrochloric acid 
(42 ml) was added thereto and the mixture was stirred at 80 ' C for 45 minutes. The residue was filtered off 
and the filtrate was extracted with ether and dried over anhydrous magnesium sulfate. After filtration, the 

10 filtrate was concentrated under reduced pressure and the residue was purified by silica gel chromotography 
(hexane/ethyl acetate = 10:1) to give 4.16 g of 2-amino-4-decylbenzophenone. 

Example 28 

75 (±)-4-Amino-6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepine (300 mg) and ac- 
tivated charcoal (30 mg) were suspended in anhydrous methylene chloride (2 ml). Thereto was added 
trichloromethyl chloroformate (0.09 ml) and the mixture was allowed to react with phosgene evolved in the 
reaction system, at room temperature for 1.5 hours. After the termination of the reaction, the reaction 
mixture was filtered through celite and 2-aminopyridine (1 30 mg) was added to the filtrate. The mixture was 

20 reacted at room temperature for 1 hour and concentrated under reduced pressure. The crystals obtained 
were recrystallized from N,N-dimethy!formamide/water to give 84 mg of (±)-N-[6-(4-chiorophenyl)-1-methyl- 
4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl]-N'-(2-pyridyl)urea as colorless crystals, mp. 274 - 278 ° C. 

Example 29 

25 

A solution of aniline (0.22 ml) in methylene chloride (3 ml) was dropwise added to a solution of oxalyl 
chloride (0.42 ml) in methylene chloride (8 ml) under ice-cooling over 5 minutes. The mixture was stirred at 
said temperature for 10 minutes, added with triethylamine (0.33 ml) and stirred for 1 hour. The reaction 
mixture was concentrated to dryness under reduced pressure. Methylene chloride (8 ml) was added to the 

30 residue and the mixture was ice-cooled. Thereto was dropwise added a solution of 4-amino-6-(4- 
chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazeoine (208 mg) in methylene chloride (2 ml) 
over 5 minutes. The reaction mixture was stirred at room temperature for 2 hours. Thereto was added 
chloroform (5 ml) and the reaction mixture was washed with water, aqueous sodium hydrogencarbonate and 
water in order. The organic layer was dried over anhydrous sodium sulfate and filtered. The filtrate was 

35 concentrated to dryness and the residue was purified by silica gel chromotography (developing solvent; 
chroloform/methanol = 50:1) and the obtained pure fraction was concentrated to dryness. The concentrate 
was then crystallized from a mixed solvent of ethyl acetate-ether to give 99.0 mg of (±)-N-[6-(4- 
chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl]-N'-phenyloxalyldiamide as colorless 
needle crystals, mp. 247 - 248 * C. 

40 

Example 30 

Phenyl hydrazine (0.5 ml) was added to a solution of (±)-6-(4-chlorophenyl)-4-ethoxycarbonyl-1-methyl- 
4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine (190 mg) in dimethyl sulfoxide (5 ml), and the mixture was 

45 stirred at 90 ° C for 2 days. Thereto was added chloroform (50 ml) and the reaction mixture was washed with 
water, 0.3 N hydrochloric acid and water in order. The chloroform layer was dried and concentrated to 
dryness. The residue was purified by silica gel chromotography (chroloform/methanol = 30:1) and the 
obtained pure fraction was concentrated. Thereto was added ethyl acetate to give the objective crystals. 
The crystals were recrystallized from a mixed solvent of chloroform-ethyl acetate to give 134.3 mg of pure 

50 (±)-N'-phenyl-[6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl]carbohydrazide as 
colorless needle crystals, mp. 175 - 177' C. 

In the same manner, hydrazine (H2NNH2) was added to a solution of (±)-6-(4-chlorophenyl)-4-ethoxycar- 
bonyl-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine (660 mg) in dimethylformamide (7 ml) and the 
mixture was reacted at room temperature for 1 hour. The mixture was extracted in the same manner as 

55 above and the residue was crystallized from chloroform-ether to give 415 mg of (±)-6-(4-chlorophenyl)-1- 
methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-carbohydrazide as colorless needle crystals, mp. 
175 - 178'C. 
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Example 31 

Benzoyl chloride (64 ml) was added to a solution of (±)-N-[6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]- 
triazolo[4,3-a][1,4]benzodiazepin-4-yl]carbohydrazide (183 mg) in pyridine (4 ml) under ice-cooling. After 

5 stirring the mixture at said temperature for 30 minutes, water (0.1 ml) was added thereto and the mixture 
was stirred for 10 minutes. Pyridine was distilled away under reduced pressure and the residue was 
dissolved in chloroform and washed with water. The organic layer was dried, concentrated and added with 
ethyl acetate to give 195 mg of crystals. The crystals were recrystallized from a mixed solvent of 
chlorofom-ethyl acetate to give 164.4 mg of pure (±)-N'-benzoyl-[6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]- 

10 triazolo[4,3-a][1 ,4]benzodiazepin-4-yl]carbohydrazide as colorless needle crystals, mp. 243 - 245 * C. 

Example 32 

A solution of (±)-[6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl]- 
75 carbohydrazide (109.7 mg) in dimethylformamide (1 ml) was cooled to -40 *C and 4N dioxane hydrochloride 
(0.23 ml) was added thereto. The temperature of the mixture was raised to 0 * C. The reaction mixture was 
cooled again to -40 and isopentyl nitrite (40 ul) was added thereto. The mixture was stirred at -30 'C for 
1 hour. The temperature of the mixture was again cooled to -70 °C. Triethylamine (0.125 ml) was added to 
the mixture and 10 minutes later, benzyl amine (77 ml) was added thereto. Then, the temperature of the 
20 mixture was raised to 0*C and the mixture was stirred for 3 hours. The mixture was stirred at room 
temperature for 10 hours. Dimethylformamide was distilled away under reduced pressure and the residue 
obtained was dissolved in chloroform and washed with 0.3N hydrochloric acid, an aqueous solution of 
sodium bicarbonate and water in order and dried over anhydrous sodium sulfate. Chloroform was distilled 
away under reduced pressure and ethyl acetate was added to the residue to give 95.1 mg of (±)-N-benzyl- 
25 [6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4] benzodiazepin-4-yl]carboxamide as colorless nee- 
dle crystals, mp. 265 - 267 ° C. 

In the same manner, (±)-0-benzyl-N-[6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]- 
benzodiazepin-4-yl]carbohydroxamate was synthesized, mp. 138 - 139*C. 

30 Example 33 

In a nitrogen atmosphere, 4-amino-6-(4-chlorophenyl)-4-ethoxycarbonyl-1-methyl-4H-[1,2,4]triazolo[4,3- 
a][1 ,4]benzodiazepine (373 mg) was dissolved in dry tetrahydrofuran (4 ml) and thereto was added 3- 
methylphenyl isocyanate (139 ul), followed by reaction at room temperature for 3.5 hours. After the 

35 completion of the reaction, water was added to the reaction mixture and the mixture was extracted with 
ethyl acetate. The organic layer was washed with a 5% aqueous solution of citric acid, water and saturated 
brine, and dried over anhydrous magnesium sulfate. The residue was concentrated under reduced pressure. 
The concentrate was purified by silica gel column chromatography (chroloform:methanol = 45:1) and 
crystallized to give 219 mg of N-[6-(4-chlorophenyl)-4-ethoxycarbonyl-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]- 

40 benzodiazepin-4-yl]-N'-(3-methylphenyl)urea as pale yellow needle crystals, mp. 168 - 172*C. 

Example 34 

In a nitrogen atmosphere, N-[6-(4-chlorophenyl)-4-ethoxycarbonyl-1-methyl-4H-[1,2,4]triazol[4,3-a][1,4] 

45 benzodiazepin-4-yl]-N'-(3-methylphenyl)urea dissolved in anhydrous tetrahydrofuran (2 ml) was dropwise 
added to a suspension of 60% sodium hydride (10 mg) in anhydrous tetrahydrofuran (1 ml) at room 
temperature and the mixture was refluxed under heating for 30 minutes. After the reaction mixture was 
cooled, water was added thereto and the mixture was extracted with ethyl acetate. The organic layer was 
washed with a 5% aqueous solution of citric acid, water and saturated brine and dried over anhydrous 

50 magnesium sulfate. The residue was concentrated under reduced pressure. The concentrate was recrystal- 
lized from ether-ethyl acetate to give 37 mg of 6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]- 
benzodiazepine-4-spiro-5'-[3'-(3-methylphenyl)-2',4'-dioxoimidazolidlne] as colorless needle crystals, mp. 
269 - 271 ' C. 

55 Example 35 

6-(4-Chlorophenyl)-1-undecyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine (1.23 g) was dissolved in dich- 
loromethane (10 ml) and acetic acid (5 ml) and zinc powder (540 mg) were added thereto with stirring. After 
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stirring at room temperature for 6 hours, the mixture was washed with 5% aqueous sodium hydrogencar- 
bonate and water. The reaction mixture was dried over anhydrous magnesium sulfate. After filtration, the 
filtrate was concentrated under reduced pressure. The residue was purified by silica gel column chromatog- 
raphy and the oily substance obtained was crystallized from ethyl acetate to give 320 mg of 6-(4- 
6 chlorophenyl)-1-undecyl-4H,5H,6H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, mp. 94 - 95 * C. 

Example 36 

2-Amino-4-decylbenzophenone (4.16 g) was dissolved in chloroform (40 ml) and phthaloylalanyl 

10 chloride (3.22 g) was added thereto with stirring at room temperature. The mixture was stirred for 0.5 hour. 
The reaction mixture was washed with 5% aqueous sodium hydrogencarbonate and water and dried over 
anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure. The 
concentrate was purified by silica gel column chromatography and the oily substance obtained was 
dissolved in a mixed solvent of methanol (20 ml) and tetrahydrofuran (40 ml). Thereto was added hydrazine 

75 monohydrate (1.56 g) with stirring under ice-cooling and the mixture was stirred for 2 hours. Cone, 
hydrochloric acid (1 ml) was added thereto with stirring at room temperature and the mixture was stirred at 
60 'C for 2 hours. After cooling, the mixture was concentrated under reduced pressure and the residue was 
extracted with chloroform and washed with 5% aqueous sodium hydrogencarbonate and water. The residue 
was dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated under reduced 

20 pressure. Isopropyl alcohol (60 ml) and acetic acid (1 ml) were added to the concentrate and the mixture 
was stirred at 70*C for 1 hour. After cooling, the residue obtained by concentration under reduced pressure 
was extracted with chloroform and washed with 5% aqueous sodium hydrogencarbonate and water. The 
extract was dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated under reduced 
pressure and purified by silica gel column chromatography to give 3.2 g of 8-decyl-1 ,3-dihydro-3-methyl-5- 

25 phenyl-2H-1 ,4-benzodiazepin-2-one as crystals. 

The thione compound (2.8 g) as mentioned above was suspended in methanol (30 ml) and hydrazine 
monohydrate (400 ul) was added thereto with stirring at room temperature. The mixture was stirred at room 
temperature for 1 hour. After concentration under reduced pressure, the residue was dissolved in chlo- 
roform, washed with water and dried over anhydrous magnesium sulfate. After filtration, the filtrate was 

30 concentrated under reduced pressure and purified by silica gel column chromatography to give 1 .9 g of a 
hydrazono compound as an oily substance. 

The hydrazono compound (1.9 g) obtained was suspended in toluene (20 ml) and thereto was added 
triethyl orthoacetate (1.6 g). The mixture was refluxed under heating for 16 hours. After cooling, the mixture 
was extracted with ethyl acetate, washed with 5% aqueous sodium hydrogencarbonate and water and dried 

35 over anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure and 
purified by silica gel column chromatography. The oily substance obtained was crystallized from isopropyl 
ether to give 0.3 g of 9-decyl-1 ,4-dimethyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, mp. 111- 
112'C. 

The formulation examples of the preparation of the present invention are given in the following. 

40 

(1) Tablet 

The above-mentioned compound (I) (0.5 part), lactose (25 parts), crystalline cellulose (35 parts) and 
corn starch (3 parts) are thoroughly mixed and kneaded well with a binder prepared from corn starch (2 
45 parts). The kneaded composition is passed through a 16-mesh sieve, dried in an oven at 50°C and passed 
through a 24-mesh sieve. The obtained kneaded powder, corn starch (8 parts), crystalline cellulose (11 
parts) and talc (9 parts) are thoroughly mixed and compressed to give tablets containing 0.5 mg of an 
active ingredient per tablet. 

50 (2) 1 % Powder 

The above-mentioned compound (I) (1 part) and lactose (90 parts) are thoroughly mixed and kneaded 
well with a binder prepared from a suitable amount of methylcellulose. The kneaded composition is passed 
through a 16-mesh sieve and dried in an oven at 50 °C. The dry granule was press passed through a 32- 
55 mesh sieve and mixed well with a suitable amount of silicon dioxide to give a 1 % powder. 
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Claims 



1. A therapeutic agent for osteoporosis comprising, as an active ingredient, an azepine connpound or a 
pharnnaceutically acceptable salt thereof of the fornnula 



Ar is aryl or heteroaryl; 

X is an oxygen atonn or a sulfur atonn; 

Y is hydrogen, alkyi, alkenyl, alkynyl, -(CH2)aC00Ri 
wherein is hydrogen, alkyi, aryl or aralkyi and a is an integer of 1 to 6, -(CH2)a-cycloalkyl wherein a 
Is an integer of 1 to 6, -(CH2)aN(R2){R3) wherein a Is an Integer of 1 to 6 and R^ and R^ are the same or 
different and each is hydrogen, alkyi or aralkyi, or form, together with the adjacent nitrogen atom, a 
heterocycle, -(CH2)bCON(R^^)(R^2) wherein b is 0 or an integer of 1 to 6, and R^^ and R*^ ^j-g ^^e 
same or different and each is hydrogen, alkyi, aryl or aralkyi, or form, together with the adjacent 
nitrogen atom, a heterocycle, -(CH2)aCN wherein a is an Integer of 1 to 6, or -(CH2)aCR'^3 wherein a Is 
an integer of 1 to 6 and R^ is halogen, or 

X and Y combinedly form =N-N = C(RS)-, = N-C(R5) = C(R^)-, = C(R5)-N = C(R^)-, =N-0-CO- or 
= N-N(R^)-CO- wherein R^ and R^ are each hydrogen, halogen, alkyi, alkenyl, alkynyl, cycloalkyi, 
cycloalkylalkyi, aryl, heteroaryl, aralkyi, heteroarylalkyi, aryloxyalkyi, -(CH2)aC00R^ wherein a Is an 
integer of 1 to 6 and R^ is hydrogen, alkyi, alkenyl or aralkyi, or -(CH2)aNHC0R*^ wherein a is an 
integer of 1 to 6 and R^^ is alkyi or aralkyi; 

W is -N(R2^)- wherein R^^ is hydrogen or forms a bond with R^^, -O- or -S-; 

R2^ is hydrogen or forms a bond with R^^ ; 

R is hydrogen, alkyi, haloalkyi, aryl, heteroaryl, aralkyi, heteroarylalkyi or a group of the formula 

selected from the group consisting of: 



Ar R"" 




(I) 



wherein 



-(CH2)bN(R8)(R9) 



(1) 



-(CH2)bOR 



10 



(2) 



z 



II 

-(CHObN(R'°)CN(R'M(R*M 



(3) 



-(CH2)bN(Rio)CORa 



11 



(4) 



-(CH2)bN(Ri'')S02R*'^ 



(5) 



-(CH2)bN(RiO)COOR*5 



(6) 
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Z 

-(CH2)bOCN(R^M(R'M 

-(CH2)bOCOR^^ (8) 
-(CH2)bCON(R^7)(R48) (9) 

-(CH2)bOS02R^^ (10) 
-(CH2)bCOR'^9 (11) 
-(CH2)bS(0)nRii (12) 
-CON(Rio)OR8 (13) 

Z 

-CON(R'°)N(R^MCRa^' (14) 

-CON(RiO)N(RiO)S02Raii (15) 

Z 

-N(R'° )CN(RV°)CORa'' (16) 
Z 

-N(R'°)CN(R'°)S02Ra'' (17) 

-CON(R10)N(R10)(R11) (18) 
-(CH2)bN(Rio)COCON(Rii)(Ri2) (19) 

and 

-(CH2)aC00Ri (20) 

wherein b is 0 or an integer of 1 to 6, Z is an oxygen atom or sulfur atom, R^ and R^ are the same or 
different and each is hydrogen, alkyi, aryl or aralkyi, R^° is hydrogen, alkyi or aralkyi, R^^ and R^^ are 
the same or different and each is hydrogen, alkyi, cycloalkyi, cycloalkylalkyi, aryl, aralkyi, heteroaryl or 
heteroarylalkyi, Ra^^ is alkyi, cycloalkyi, cycloalkylalkyi, aryl, aralkyi, heteroaryl or heteroarylalkyi, R"^"^ is 
alkyi, aryl, aralkyi, cycloalkyi or heteroaryl, R^^ is alkyi, aryl or aralkyi, R'^^ is alkyi, alkenyl, alkynyl, 
cycloalkyi, cycloalkylalkyi, aryl, aralkyi, heteroaryl or heteroarylalkyi, R^^ and R""^^ are the same or 
different and each is hydrogen, alkyi, acyl, aryl or aralkyi, R"^^ is alkyi, aryl, aralkyi, heteroaryl or 
heteroarylalkyi, n is 0, 1 or 2, a is an integer of 1 to 6 and R^ is hydrogen, alkyi, aryl or aralkyi; 

R* is hydrogen or -COOR^ wherein R^ is hydrogen, alkyi, aryl or aralkyi, or 

R and R' comblnedly form a spiro ring of the formula 
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0 R'' 




0 



(CH2)b^— N/ 

\ 

RIO 

wherein b* is 0 or 1, is hydrogen, alkyi or aralkyi and R^^ js hydrogen, alkyi, cycloalkyi, 

cycloalkylalkyi, aryl, aralkyi, heteroaryl or heteroarylalkyi; 
ring Q is a ring selected from the group consisting of: 




wherein R^^ and R^^ are the sanne or different and each is hydrogen, halogen, alkyi optionally 
substituted by halogen, alkoxy, nitro, annino, amino substituted by alkyi, cyclic amino, hydroxy, acyloxy, 
cyano, carbamoyl, carbamoyl substituted by alkyi, cyclic aminocarbonyl, carboxyl, alkoxycarbonyl or 
aralkyloxycarbonyl, aralkyi, aralkyi substituted by alkyi, alkoxy, nitro, amino, amino substituted by alkyi, 
cyclic amino, hydroxy, acyloxy, cyano, carbamoyl, carbamoyl substituted by alkyi, cyclic aminocar- 
bonyl, carboxyl, alkoxycarbonyl or aralkyloxycarbonyl, 

R^^ and R^^ are the same or different and each is hydrogen, halogen, alkyi, alkenyl, alkynyl, 
haloalkyi, alkoxy, nitro, amino, amino substituted by alkyi, cyclic amino, hydroxy, acyloxy, cyano, 
carbamoyl, carbamoyl substituted by alkyi, cyclic aminocarbonyl, carboxyl, alkoxycarbonyl, aralkylox- 
ycarbonyl, cycloalkyi, alkylcarbonyl, a group of the formula 

R19-A- 

wherein A is alkylene, alkenylene or alkynylene which may be substituted by 1 to 3 hydroxys and R^^ 
is alkoxy, nitro, amino, hydroxy, acyloxy, cyano, carboxyl, alkoxycarbonyl, aralkyloxycarbonyl, phenyl 
optionally substituted by 1 to 3 substituents (e.g. halogen, hydroxy, alkyi, alkoxy, aryl, aryloxy, aralkyi, 
aralkyloxy, alkenyl or alkynyl having 2 to 18 carbon atoms, which may be substituted by 1 to 3 
hydroxys, aralkenyl or aralkynyl having alkenyl moiety or alkynyl moiety having 2 to 18 carbon atoms, 
which may be substituted by 1 to 3 hydroxys), a group of the formula 

(R20)(R2i)NCO- or (R20)(R2i)N-SO2- 

wherein R2° and R^^ are the same or different and each is hydrogen, aryl, aralkyi or straight- or 
branched chain alkyi, alkenyl or alkynyl which may be substituted by halogen, hydroxy, nitro, amino or 
substituted amino, or R2° and R^^ may, together with the adjacent nitrogen atom, form a 3 to 7- 
membered ring which may be substituted by straight- or branched chain alkyi and may have, in the 
ring, nitrogen, oxygen or sulfur atom as a hetero atom (the additional nitrogen atom may be substituted 
by straight- or branched chain alkyi having 1 to 4 carbon atoms, aralkyi or diarylalkyi), a group of the 
formula 

(R22)(R23)N- 

wherein R22 and R23 are the same or different and each is hydrogen, straight- or branched chain alkyi, 

alkenyl or alkynyl, which may be substituted by halogen, hydroxy, amino, alkylamino, dialkylamino, 
cyclic amino or C-bonded heterocyclic group (carbons may be interrupted by nitrogen, oxygen or sulfur 
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atom), straight- or branched chain aikylcarbonyl which nnay be nnono- or di-substituted by hydroxy, 
halogen, annino, alkylannino, dialkylamino, cyclic amino or straight- or branched chain alkyi (this alkyi 
may be substituted by halogen or hydroxy), arylcarbonyl, arylsulfonyl, alkylsulfonyl, or R^^ and R^^ may 
form, together with the adjacent nitrogen atom, a saturated or unsaturated 3 to 7-membered ring which 
may be substituted by straight- or branched chain alkyi and may have, in the ring, nitrogen, oxygen or 
sulfur atom as a hetero atom (each additional nitrogen atom may be substituted by straight- or 
branched chain alkyi), a group of the formula 



\ / 

wherein R^* is aryl, aralkyi, arylcarbonyl, a group of the formula 




wherein R^^ and R^^ area thee same or different and each is hydrogen, halogen, haloalkyi, amino, nitro, 

cyano, hydroxy, alkyi or alkoxy and B is hydrogen, hydroxy or esterified hydroxy, or alkyi having 
hydroxy and/or carbonyl and is CH or nitrogen atom, or a group of the formula 



wherein R^^ and R^^ are the same or different and each is hydrogen, halogen, haloalkyi, amino, nitro, 
cyano, hydroxy, alkyi or alkoxy, 
a group of the formula 

R29-(CH2)d-C=C- 

wherein R^^ is aryl or optionally hydrogenated heteroaryl and d is 0, 1 or 2, a group of the formula 
R29-0-(CH2)e-C=C- 

wherein R^^ is as defined above and e is 1 or 2, or a group of the formula 

/ 

R'" -(X" )in-N 
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wherein X° is -0C0-, -CO- or -N(R5i)C0- where R^^ is hydrogen or aikyi, m is 0 or 1, is alkyi, 

alkynyl, 2-phenylethynyl, 2-thienylsulfonyl, -(CH2)aCN where a is an Integer of 1 to 6, -(CH2)b-R^2 
where b is 0 or an integer of 1 to 6 and R^^ is cycloalkyi, morphlino, thienyl, alkoxy, aryl, Imidazolyl or 
tetrahydropyrany! or -S02N(R^3)(R^'^) where R^^ and R^"^ are the sanne or different and each is 

6 hydrogen, alkyI, or R^^ and R^*, with the adjacent nitrogen atom, fornn a heterocycle, or 

adjacent R^^ and R^^ may combinedly form a saturated or unsaturated 5, 6 or 7-membered ring 
which is condensed to thiophene ring, said ring being optionally substituted by a substituent Ra^° 
selected from hydrogen, halogen, alkyI, a group of the formula R^^-A- wherein each symbol is as 
defined above and a group of the formula (R20)(R2i)NCO- or (R2°)(R2i)N-S02- wherein each symbol is 

10 as defined above, or R^^ and R^^ may combinedly form a 5, 6 or 7-membered hetero ring which may 
have oxygen, sulfur or -N(Rb^°)- as a hetero atom; 

examples of Rb^° include hydrogen, alkyI, alkenyl, alkynyl, cycloalkyi, alkoxycarbonyl, alkanoyi, 
aroyi, cycloalkylcarbonyl, cycloalkoxycarbonyl, cycloalkylalkylcarbonyl, cycloalkylalkoxycarbonyl, 
cycloalkylamlnocarbonyl, a group of the formula R''^-A- wherein each symbol is as defined above, a 

75 group of the formula (R20)(R21)NCO- wherein each symbol is as defined above, a group of the formula 
(R20)(R2i)N-SO2- wherein each symbol is as defined above, a group of the formula Ra^^-S02- wherein 
Ra^^ is alkyI, phenyl, phenyl substituted by halogen, alkyI, alkoxy, carboxy, alkylsulfonyl, alkylthio 
haloalkyi or optionally substituted phenoxy, heteroaryl or naphthyl, a group of the formula 

20 

Rb^^ -NH-C- 

I 

25 

wherein is oxygen atom or sulfur atom and Rb^^ Is alkenyl, alkyI, cycloalkyi, aryl, aralkyi, heteroaryl, 
heteroarylalkyi, phenyl substituted by 1 to 3 substituents selected from alkyI, alkoxy, aryloxy, alkylsul- 
fonyl, halogen and haloalkyi, quinolyl or sulfonyl substituted by phenyl, heteroaryl or naphthyl, or a 

group of the formula 

30 

RC^^-S-CHz-C- 

II 

35 

wherein is oxygen atom or sulfur atom and Rc^^ is alkyI, phenyl substituted by phenyl, halogen, 
alkyI, alkoxy, haloalkyi or optionally substituted phenoxy, or heteroaryl; 

in the above definitions, aryl, aryloxy, aryloxyalkyi, arylcarbonyl, arylsulfonyl, aralkyi, aralkyloxy, 
40 aralkyloxycarbonyl, aralkenyl, aralkynyl, diarylalkyi, heteroaryl and heteroarylalkyi may have, on the 
ring, 1 to 3 substituents selected from halogen, alkyI, alkoxy, haloalkyi, hydroxy, nitro, amino, cyano 
and acyloxy; cycloalkyi of cycloalkyi, cycloalkylalkyi, cycloalkylcarbonyl, cycloalkylalkylcarbonyl, 
cycloalkoxycarbonyl, cycloalkylalkoxycarbonyl and cycloalkylaminocarbonyl may have 1 to 3 sub- 
stituents selected from halogen, alkyI, alkoxy, haloalkoxy and aryl. 

45 

2. The therapeutic agent for osteoporosis according to Claim 1, comprising, as an active Ingredient, a 
compound of the formula (I) wherein W is -N(R3^)- where R^^ forms a bond with R^^, or a 
pharmaceutically acceptable salt thereof. 

50 3. The therapeutic agent for osteoporosis according to Claim 1, comprising, as an active Ingredient, a 
compound of the formula (I) wherein W is -N(R3^)- where R^^ forms a bond with R^^ and X and Y 
combinedly form =N-N = C(R^)- where R^ is as defined above, or a pharmaceutically acceptable salt 
thereof. 

55 4. The therapeutic agent for osteoporosis according to Claim 1, comprising, as an active ingredient, a 
compound of the formula (I) wherein W is -N(R3^)- where R^^ forms a bond with R^^ and X and Y 

combinedly form =N-N = C(R^')- where R^' is alkyI having 6 to 20 carbon atoms, or a pharmaceutically 
acceptable salt thereof. 
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The therapeutic agent for osteoporosis according to Claim 1 or Clainn 3, connprising, as an active 
ingredient, a compound of the formula (I) wherein the ring Q Is 




or 



wherein R^^ and R^^ are as defined in Claim 1, or a pharmaceutically acceptable salt thereof. 

The therapeutic agent for osteoporosis according to Claim 5, comprising, as an active ingredient, a 
compound of the formula (I) wherein W is -N(R2^)- where R^^ forms a bond with R^^, R is alkyi, aryl, 
heteroaryl, aralkyi, heteroarylalkyi or a group of the formula selected from the group consisting of: 

-(CH2)bN(RS)(R9) (1) 
-(CH2)bORio (2) 



Z 

i! 

-{CH2)bN(R^°)CN(R^M(R'M 



(3) 



-(CH2)bN(RiO)CORaii (4) 
-(CH2)bN(R^0)SO2R^^ (5) 



-(CH2)bN(Rio)COOR*' 



(6) 



Z 

II 

-(CH2)bOCN(R^M(R'M 



(7) 



-(CH2)bOCOR^^ (8) 



-(CH2)bCON(R^7)(R^8) 



-(CH2)bOS02R^^ (10) 

-(CH2)bCOR^9 (11) 
-(CH2)bS(0)nRii (12) 

-C0N(R^°)0R2 (13) 



-CON(R^MN(R'° )CRa 



1 1 



(14) 



-CON(R^O)N(Rio)S02 Ra^ ^ (1 5) 
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Z 

-N(R^° )CN(R'°)CORa^^ 



(16) 



Z 

-N(R^° )CN(R'NS02Ra^^ 

-CON(RiO)N(RiO)(Rii) (18) 
-(CH2)bN(R^0)COCON(R")(Ri2) (19) 



-(CH2)aC00Ri (20) 

wherein each symbol is as defined in Claim 1 and the ring Q is a group of the formula 



wherein each symbol is as defined in Claim 1 , or a pharmaceutically acceptable salt thereof. 

The therapeutic agent for osteoporosis according to Claim 5, comprising, as an active Ingredient, a 
compound of the formula (I) wherein W is -N(R2^)- wherein R^^ forms a bond with R^^, R is alkyi, aryl, 
aralkyi or a group of the formula selected from the group consisting of: 



-(CH2)bN(R^°)CN(R^M(R'M 

-(CH2)bN(RiO)CORa^i (4) 

-(CH2)bN(Rio)S02R^^ (5) 
-(CH2)bN(RiO)COOR^5 (gj 

z 

II 

-(CH2)bOCN(R^M(R'M 

-(CH2)bCON(R*7)(R*8) (9) 

-(CH2)bOS02R^^ (10) 
-(CH2)bCOR*9 (11) 



and 




-(CH2)bN(RS)(R9) 



(1) 



and 
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-(CH2)aC00Ri (20) 

wherein each symbol Is as defined In Clainn 1 and the ring Q Is a group of the fornnula 

Rl« 



wherein each synnbol Is as defined In Clainn 1 , or a pharnnaceutlcally acceptable salt thereof. 

The therapeutic agent for osteoporosis according to Claim 1, comprising, as an active ingredient, 
compound of the formula (I) which is selected from the group consisting of: 

9-tert-butyl-4-(2-chlorophenyl)-2-(2-(4-isobutylpheny!)ethy!)-6-methyl-6H-thieno[3,2-f][1,2,4]trlazolo- 
[4,3-a][1 ,4]diazepine, 

3- [4-(2-chlorophenyl)-6,9-dimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-2-yl]propionic 
morpholide, 

4- (2-chlorophenyl)-6,9-dlmethyl-2-(3-morphollnopropyl)-6H-thleno[3,2-f][1,2,4]trlazo!o[4,3-a][1,4h 
diazeplne, 

4-(2-chlorophenyl)-2-(2-(4Hsobutylphenyl)ethyl)-9-methyl-6-propyl-6H-thleno[3,2-f][1,2,4]triazolo[4,3- 
a][1 ,4]dlazeplne, 

4-(2-chlorophenyl)-6Hsobuty!-2-(2-(4Hsobutylphenyl)ethyl)-9-methyl-6H-thleno[3,2-f][1,2,4]tri^^^ 
[4,3-a][1 ,4]diazepine, 

4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-6-phenyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3 
a][1 ,4]dlazeplne, 

6-benzyl-4-(2-chlorophenyl)-2-(2-(4Hsobutylphenyl)ethyl)-9-methyl-6H-thleno[3,2-f][1,2,4]trlazolo 
a][1 ,4]diazepine, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f]{1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)-2- 
Indolecarboxamlde, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thleno[3,2-f][1,2,4]triazolo[4,3-a][1,4]dlazepin-6-yl)-3- 

Indoleacetamide, 

6-benzoylamino-4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]- 
dlazeplne, 

4-(2-chlorophenyl)-2-ethyl-9-methyl-6-(3-(3-tolyl)ureldo)-6H-thleno[3,2-f][1,2,4]trlazolo[4,3-a][1,^ 

diazepine, 

8S-( + )-6-(2-chlorophenyl)-3-cyclopropanecarbonyl-8,1 1 -dimethyl-2,3,4,5-tetrahydro-8H-pyrido- 
[4',3':4,5]thleno[3,2-f][1 ,2,4]trlazolo[4,3-a][1 ,4]dlazeplne, 

6-(2-chlorophenyl)-8,9-dlhydro-1,4-dimethy!-8-morpho!inocarbonyl-4H,7H-cyclopenta[4,5]thieno[3,2- 
f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine, 

(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]dlazepln-6-yl)acetlc 
acid, 

N-(2-methoxyphenyl)-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]- 

diazepin-6-yl)acetamide, 

N-phenyl-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thleno[3,2-f][1,2,4]trlazolo[4,3-a][1,4]diazepin-6- 
yl)acetamide, 

N-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thleno[3,2-f][1,2,4]trlazolo[4,3-a][1,4]diazepin-6-yl)-p- 

toluenesulfonamide, 

(4-(4-methoxyphenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)-N-(3- 
methylphenyl)carbamate, 

4-(2-chlorophenyl)-2-ethyl-9-methyl-6-phenylacetylamlno-6H-thleno[3,2-f][1,2,4]trlazolo[4,3-a][1,4]- 

diazepine, 

N-(4-chlorophenyl)-N'-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a] 
dlazepln-6-yl)urea, 

N-(4-(4-ch!orophenyl)-2-ethy!-9-methyl-6H-thleno[3,2-f][1,2,4]trlazo!o[4,3-a][1,4]diazepin-6-yl)-N'-^ 

methoxyphenyl)urea, 

N-(4-(4-chlorophenyl)-2-hexyl-9-methyl-6H-thleno[3,2-f][1,2,4]trlazolo[4,3-a][1,4]dlazepln-6-yl)-N'-(^^ 
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methylphenyl)urea, 

N-(4-(2-chlorophenyl)-2,3,9-trlmethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-an 
methylphenyl)urea, 

N-(4-(2-chlorophenyl)-9-cyclohexyl-2-ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a^ 
(3-nnethoxyphenyl)urea, 

N-(2-ethyl-9-methyl-4-(4-methylphenyl)-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]^ 
methylphenyl)urea, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4 
phenylurea, 

N-(2-ethyl-9-methyl-4-phenyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepi^ 
methylphenyl)urea, 

N-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3.2-f][1,2,4]triazolo[4,3-a][1,4]^ 
methoxyphenyl)urea, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-^^^ 
phenylthiourea, 

N-(2-buty!-4-(4-chloropheny!)-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diaze^ 

methylphenyl) urea, 

N-(4-(2-chlorophenyl)-2-ethyl-9-cyclohexyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]^ 
(2-methylphenyl)urea, 

4-(4-chlorophenyl)-2-ethyl-9-methy!-6-(3-phenylpropyl)-6H-thieno[3,2-f][1,2,4p^^ 
diazepine, 

2-ethyl-4-phenyl-9-undecyl-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4-c][1 ,4]oxazepine, 
6-(2-chlorophenyl)-1 -undecyl-7,8,9,1 0-hexahydro-4H,6H-triazolo[3,4-c][1 ]benzothieno[2,3-e][1 ,4]- 
oxazepine 

4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-4H,6H-thieno[2,3-e][1,2,4]th 
[1 ,4]oxazepine, 

4-(4-chlorophenyl)-2-ethyl-9-(3-(4HSobutylphenyl)propyl)-4H,6H-thieno[2,3-e][1,2,4]^^^ 
[1 ,4]oxazepine, 

2-ethyl-9-heptyl-4-(4-methoxyphenyl)-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4-c][1 ,4]oxazepine, 
2-ethyl-4-(4-methylphenyl)-9-undecyl-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4-c][1 ,4]oxazepine, 
2-ethyl-4-(4-hydroxyphenyl)-9-undecyl-4H,6H-thieno[2,3-e][1,2,4]triazolo[3,4-c][1,4]oxazepine and 
2-ethyl-4-(4-(2-dimethylaminoethoxy)phenyl)-9-undecyl-4H,6H-thieno[2,3-e][1,2,4]^^^ 
oxazepine, or a pharmaceutlcally acceptable salt thereof. 

9. The therapeutic agent for osteoporosis according to Claim 1 or Claim 4, comprising, as an active 
ingredient, a compound of the formula (I) wherein the ring Q is a group of the formula 




wherein R^^ and R^^ are as defined in Claim 1, or a pharmaceutically acceptable salt thereof, 

10. The therapeutic agent for osteoporosis according to Claim 9, comprising, as an active ingredient, a 
compound of the formula (I) wherein the ring Q is a group of the formula 




wherein R^^ and R^^ are as defined in Claim 1, W is -N(R3^)- where R^^ is hydrogen or forms a bond 
with R^^ or -0-, R is hydrogen, heteroarylalkyi or a group of the formulae selected from the group 
consisting of: 
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Z 

-(CHi )bN(R^'' )CN(R^M(RVM (3) 



-(CH2)bN(Ri'')S02R** (5) 
-(CH2)bN(Rio)COOR'^5 (6) 



Z 

-(CH2)bOCN(R'' )(R'M 



-(CH2)bOCOR'^s (8) 

-{CH2)bCON(R*0(R*^) (9) 
-(CH2)bOS02R** (10) 
-CON(Rio)OR^ (13) 



Z 

II 

CONCR*" )N(R^'' )CRa'» (14) 
Z 

NCR'" )CN(R''' )CORa^ ' (16) 



-NCR*" )CN(R''' )S02Ra* ' (17) 

and 

-CON(Ri°)N(Ri°)(R") (18) 

wherein each symbol is as defined in Claim 1 , and R' is hydrogen or -COOR^ wherein R^ is as defined 
In Claim 1 , or R and R' combinedly form a spiro ring of the formula 




0 



wherein each symbol is as defined in Claim 1 , or a pharmaceutically acceptable salt thereof. 
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11. The therapeutic agent for osteoporosis according to Claim 1, connprising, as an active ingredient, a 
compound of the fornnula (I) which is selected fronn the group consisting of: 

6-(4-chlorophenyl)-1 -undecyl-4H,6H-[1 ,2,4]tria2olo[4,3-a][1 ,4]benzoxazeplne, 

8- decyl-1 ,4-dimethyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 

9- decyl-1 ,4-dimethyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
6-(4-chlorophenyl)-1 -undecyl-4H[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
6-(4-chlorophenyl)-1 -undecyl-4H,5H,6H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
6-(4-chlorophenyl)-1-(3-(isobutylphenyl)propyl)-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepine, 
N-benzoyl-N'-(6-(4-chlorophenyl)-1-nnethyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(2-pyridyl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(3-pyridyl)urea, 
N-(8-chloro-1 -methyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(2- 

methoxyphenyl)urea, 

N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(2- 
methoxyphenyl)urea, 

N-(6-(4-chlorophenyl)-1-nnethyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N*-(3-tolyl)urea, 
N-(6-(4-chlorophenyl)-1 -nnethyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-phenyl- 

oxalyldiamide, 

N-(1-methyl-6-(2-thienyl)-4H-[1,2,4]trlazolo[4,3-a][1,4]benzodiazepin-4-yl)-N'-(3-tolyl)urea, 
6-(4-chlorophenyl)-1-nnethyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepine-4-spiro-5*-(3*-(3-tolyl)-2 
dioxoinnidazolidine), 

N-(6-(4-chlorophenyl)-4-ethoxycarbonyl-1-methyl-4H-[1 ,2,4]trlazolo[4,3-a][1 ,4]benzodlazepln-4-yl)- 
N'-(3-tolyl)urea, 

(1-nnethyl-6-phenyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)nnethyl-p-toluenesulfonate, 
N-(6-(4-chlorophenyl)-1-nnethyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl-N'-(2- 

methoxyphenyl)urea, 

N-[6-(4-chlorophenyl)-1-nnethyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)nnethyl]-N'-(3-tolyl)- 
urea, 

N-(3-tolyl)-0-((1-methyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl)carbamate, 
N-(2-methoxyphenyl)-0-((1-methyl-6-phenyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)methyl)- 
carbannate, 

(1-methyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)nnethyl phenylacetate, 

6-(4-chlorophenyl)-4-(3-indolylnnethyl)-1-nnethyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-0-benzyl carba- 
mate, 

N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)benzylsulfonamide, 

(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)carbohydrazide, 
N'-p-tosyl-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 
carbohydrazide, 

0-benzyl-N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 

carbohydroxamate, 

N-benzyl-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine-1 -yl)- 
carboxamide, 

N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl-2- 

indolecarboxamide, 

N-benzyl-N'-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N'-(cyclohexyl)urea, 
N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-2- 

indolecarboxamide, 

8-chloro-6-(2-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
8-chloro-6-phenyl-1-methyl-4H-[1 ,2,4]trlazolo[4,3-a][1 ,4]benzodiazepine and 
8-chloro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1 ,4]benzodiazepine, 
or a pharmaceutically acceptable salt thereof. 

12. A diazepine compound of the formula 
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R 



3 Z 



(I A) 



wherein R^^ is optionally substituted phenyl or optionally substituted phenylalkyi and other symbols are 
as defined In Claim 1 , or a pharmaceutlcally acceptable salt thereof. 

13. A diazepine compound of the formula 




R 



1 

(CH2)aN(R'' )(R'* ) 



(E A ) 



wherein a is an integer of 1 to 6, R^^ and R^"^ are the sanne or different and each is alkyi or aralkyi or 
R22 and R^"^ may combinedly form a 5 to 7-membered ring which may have, in the ring, nitrogen, sulfur 
or oxygen atom, the ring is 



R 



I 7 



R^ V 




or 




wherein R^^ and R^^ are as defined in Claim 1, and other symbols are as defined in Claim 1, or a 
pharmaceutically acceptable salt thereof. 

14. A benzotriazolodiazepine compound of the formula 



1 5 / 



Ar 




R 



R' 



(IB) 
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wherein R^^' is all<yl or arall<yl hiaving 8 to 15 carbon atoms, R^^' is hiydrogen and other symbols 

defined in Claim 1 , or a pharmaceutically acceptable salt thereof. 

15. A benzotriazolodiazepine compound of the formula 



Ar 




R' 



R' 



(fflB) 



wherein R" is a group of the formula selected from the group consisting of 
-C0N(R*^)(R*8) (9') 

-CON(Rio)OR^ (13) 



z 

II 

-CONCR^o )N(R"' )CRa 



1 1 



(14) 



Z 
II 

-N(R' " )CN(R* " )CORa 



1 1 



(16) 



Z 
II 

-N(R' ° )CN(R* ° )SOiKa 



1 1 



(17) 



-CON(R10)N(R10)(R11) (18) 



and 



-N(RiO)CON(RiO)Py (21) 



wherein Py is optionally substitute(j pyricdyl an6 other symbols are as (defineid in Claim 1, 
hydrogen or R" and R' may combinedly form a spiro ring of the formula 



0 




(CHz )b^— N 




R 



1 0 
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wherein each symbol is as defined in Claim 1, and other symbols are as defined in Claim 1, or a 

pharmaceutically acceptable salt thereof. 

16. The compound of Claim 14 or Claim 15, which is selected from the group consisting of: 

8- decyl-1 ,4-dimethyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 

9- decyl-1 ,4-dimethyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
N-benzoyl-N'-6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)urea, 
N-(p-tosyl)-N'-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(2-pyridyl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(3-pyridyl)urea, 
N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-phenyl- 

oxalyldiamide, 

N-(1-methyl-6-(2-thienyl)-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N'-(3-tolyl)urea, 
6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepine-4-spiro-5'-(3'-(3-tol^ 
dioxoimidazolidine), 

N*-phenyl-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 
carbohydrazide, 

N'-benzoyl-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodlazepin-4-yl)- 
carbohydrazide, 

0-benzyl-N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 
carbohydraxamate, 

N-benzyl-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)carboxamide, 
6-(4-chlorophenyl)-1 -undecyl-4H,5H,6H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
(1-methyl-6-phenyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)methyl-p-toluenesulfonate, 
(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)carbohydrazide, 
N'-p-tosyl-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 
carbohydrazide, 

N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl-2- 

indolecarboxamide, 

N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodlazepin-4-yl)-N'-(cyclohexyl)urea 

and 

N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-2- 

indolecarboxamide, 

or a pharmaceutically acceptable salt thereof. 

17. A method for treating osteoporosis comprising administering an azepine compound or a pharmaceuti- 
cally acceptable salt thereof of the formula 

Ar R"' 




wherein 

Ar is aryl or heteroaryl; 

X is an oxygen atom or a sulfur atom; 

Y is hydrogen, alkyi, alkenyl, alkynyl, -(CH2)aC00R^ 
wherein is hydrogen, alkyI, aryl or aralkyi and a is an integer of 1 to 6, -(CH2)a-cycloalkyl wherein a 
is an integer of 1 to 6, -(CH2)aN(R2)(R3) wherein a is an integer of 1 to 6 and R^ and R^ are the same or 
different and each is hydrogen, alkyI or aralkyi, or form, together with the adjacent nitrogen atom, a 
heterocycle, -(CH2)bCON(R'^^)(R'^2) wherein b is 0 or an integer of 1 to 6, and R"^^ and R'^^ are the 



106 



EP 0 638 560 A1 



same or different and each is hydrogen, a!l<yl, aryl or arall<yl, or fornn, together with the adjacent 
nitrogen atom, a heterocycle, -(CH2)aCN wherein a is an integer of 1 to 6, or -(CH2)aCR'^3 wherein a is 
an integer of 1 to 6 and R"^ is halogen, or 

X and Y combinedly form =N-N = C(R^h = N-C(R5) = C(R^h =C(R5)-N = C(R^)-, =N-0-CO- or 
= N-N(R^)-CO- wherein R^ and R^ are each hydrogen, halogen, alkyi, alkenyl, alkynyl, cycloalkyi, 
cycloalkylalkyi, aryl, heteroaryl, aralkyi, heteroarylalkyi, aryloxyalkyi, -(CH2)aC00R^ wherein a is an 
integer of 1 to 6 and R^ is hydrogen, alkyI, alkenyl or aralkyi, or -(CH2)aNHC0R'^^ wherein a is an 
integer of 1 to 6 and R"^^ is alkyI or aralkyi; 

W is -N(R2^)- wherein R^^ is hydrogen or forms a bond with R^^, -O- or -S-; 

R^^ is hydrogen or forms a bond with R^^; 

R is hydrogen, alkyI, haloalkyi, aryl, heteroaryl, aralkyi, heteroarylalkyi or a group of the formula 
selected from the group consisting of: 

-(CH2)bN(R8)(R9) (1) 
-(CH2)bORio (2) 



-(CH2)bN(R^MCN(R^M(R'M 



-(CH2)bN(RiO)CORaii (4) 

-(CH2)bN(Rio)S02R^^ (5) 
-(CH2)bN(RiO)COOR^5 (g) 



Z 

-(CH2)bOCN(R^M(R'M 



-(CH2)bOCOR*^ (8) 
-(CH2)bCON(R^7)(R^8) 

-(CH2)bOS02R^'^ (10) 

-(CH2)bCOR^9 (11) 
-(CH2)bS(0)nRii (12) 

-CON(RiO)OR2 (13) 



Z 

-CON(R^°)N(R^°)CRa^^ (14) 



-CON(Ri0)N(R^0)sO2 Ra^ ^ (1 5) 
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Z 

-N(R^ ° )CNCR' ° )CORa 



1 1 



(16) 



Z 
II 

-N(R^° )CN(R' " }S02Ra 



1 1 



(17) 



-CON(R10)N(R10)(R11) (18) 
-(CH2)bN(Rio)COCON(RiO(Ri2) (19) 



and 



-(CH2)aC00Ri (20) 

wherein b is 0 or an integer of 1 to 6, Z is an oxygen atom or sulfur atonn, R^ and R^ are the same or 



different and each is hydrogen, alkyi, aryl or aralkyl, R^° is hydrogen, alkyi or aralkyi, R^^ and R^^ are 
the same or different and each is hydrogen, alkyi, cycloalkyi, cycloalkylalkyi, aryl, aralkyl, heteroaryl or 
heteroarylalkyi, Ra^^ Is alkyi, cycloalkyi, cycloalkylalkyi, aryl, aralkyl, heteroaryl or heteroarylalkyi, R"^"^ is 
alkyi, aryl, aralkyl, cycloalkyi or heteroaryl, R"^^ is alkyi, aryl or aralkyl, R"^^ is alkyi, alkenyl, alkynyl, 
cycloalkyi, cycloalkylalkyi, aryl, aralkyl, heteroaryl or heteroarylalkyi, R"^^ and R^^ are the same or 
different and each is hydrogen, alkyi, acyl, aryl or aralkyl, R^^ is alkyi, aryl, aralkyl, heteroaryl or 
heteroarylalkyi, n is 0, 1 or 2, a Is an Integer of 1 to 6 and R^ is hydrogen, alkyi, aryl or aralkyl; 

R' is hydrogen or -COOR^ wherein R^ is hydrogen, alkyi, aryl or aralkyl, or 

R and R' combinedly form a spiro ring of the formula 



0 



I 2 




(CHe)b*— N 




\ 



R 



1 0 



wherein b' Is 0 or 1, R^° is hydrogen, alkyi or aralkyl and R^^ is hydrogen, alkyi, cycloalkyi, 
cycloalkylalkyi, aryl, aralkyl, heteroaryl or heteroarylalkyi; 
ring Q is a ring selected from 




R18 




and 



R 



1 B 



R 



R 



1 7 



1 8 




wherein R^^ and R^^ are the same or different and each Is hydrogen, halogen, alkyi optionally 
substituted by halogen, alkoxy, nitro, amino, amino substituted by alkyi, cyclic amino, hydroxy, acyloxy, 
cyano, carbamoyl, carbamoyl substituted by alkyi, cyclic aminocarbonyl, carboxyl, alkoxycarbonyl or 
aralkyloxycarbonyl, aralkyl, aralkyl substituted by alkyi, alkoxy, nitro, amino, amino substituted by alkyi, 
cyclic amino, hydroxy, acyloxy, cyano, carbamoyl, carbamoyl substituted by alkyi, cyclic aminocar- 
bonyl, carboxyl, alkoxycarbonyl or aralkyloxycarbonyl. 
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R^^ and R^^ are the same or different and each is hydrogen, halogen, alkyi, alkenyl, alkynyl, 
haloalkyi, alkoxy, nitro, amino, amino substituted by alkyI, cyclic amino, hydroxy, acyloxy, cyano, 
carbamoyl, carbamoyl substituted by alkyi, cyclic aminocarbonyl, carboxyl, alkoxycarbonyl, aralkylox- 
ycarbonyl, cycloalkyi, alkylcarbonyl, a group of the formula 

6 

R19-A- 

wherein A is alkylene, alkenylene or alkynylene which may be substituted by 1 to 3 hydroxys and R^^ 
is alkoxy, nitro, amino, hydroxy, acyloxy, cyano, carboxyl, alkoxycarbonyl, aralkyloxycarbonyl, phenyl 
10 optionally substituted by 1 to 3 substituents (e.g. halogen, hydroxy, alkyI, alkoxy, aryl, aryloxy, aralkyi, 
aralkyloxy, alkenyl or alkynyl having 2 to 18 carbon atoms, which may be substituted by 1 to 3 
hydroxys, aralkenyl or aralkynyl having alkenyl moiety or alkynyl moiety having 2 to 18 carbon atoms, 
which may be substituted by 1 to 3 hydroxys), a group of the formula 

75 (R20)(R2i)NCO- or (R20)(R2i)N-SO2- 

wherein R2° and R^^ are the same or different and each is hydrogen, aryl, aralkyi or straight- or 
branched chain alkyI, alkenyl or alkynyl which may be substituted by halogen, hydroxy, nitro, amino or 
substituted amino, or R^^ and R^^ may, together with the adjacent nitrogen atom, form a 3 to 7- 
20 membered ring which may be substituted by straight- or branched chain alkyI and may have, in the 
ring, nitrogen, oxygen or sulfur atom as a hetero atom (the additional nitrogen atom may be substituted 
by straight- or branched chain alkyI having 1 to 4 carbon atoms, aralkyi or diarylalkyi), a group of the 
formula 

25 (R22)(R23)N- 

wherein R22 and R^^ are the same or different and each is hydrogen, straight- or branched chain alkyI, 
alkenyl or alkynyl, which may be substituted by halogen, hydroxy, amino, alkylamino, dialkylamino, 
cyclic amino or C-bonded heterocyclic group (carbons may be interrupted by nitrogen, oxygen or sulfur 

30 atom), straight- or branched chain alkylcarbonyl which may be mono- or di-substituted by hydroxy, 
halogen, amino, alkylamino, dialkylamino, cyclic amino or straight- or branched chain alkyI (this alkyI 
may be substituted by halogen or hydroxy), arylcarbonyl, arylsulfonyl, alkylsulfonyl, or R22 and R^^ may 
form, together with the adjacent nitrogen atom, a saturated or unsaturated 3 to 7-membered ring which 
may be substituted by straight- or branched chain alkyI and may have, in the ring, nitrogen, oxygen or 

35 sulfur atom as a hetero atom (each additional nitrogen atom may be substituted by straight- or 
branched chain alkyI), a group of the formula 

./ \ 

40 « - X* N 

. N / 

wherein R^^ is aryl, aralkyi, arylcarbonyl, a group of the formula 

45 



50 




55 

wherein R^^ and R^^ are the same or different and each is hydrogen, halogen, haloalkyi, amino, nitro, 

cyano, hydroxy, alkyI or alkoxy and B is hydrogen, hydroxy or esterified hydroxy, or alkyI having 
hydroxy and/or carbonyl and is CH or nitrogen atom, or a group of the formula 
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wherein R^^ and R^^ are the sanae or different and each is hydrogen, halogen, haloalkyi, amino, nitro, 
cyano, hydroxy, alkyi or alkoxy, 
a group of the formula 

R23-(CH2)d-C=C- 

wherein R^^ is aryl or optionally hydrogenated heteroaryl and d is 0, 1 or 2, a group of the formula 
R29-0-(CH2)e-C=C- 

wherein R^^ is as defined above and e is 1 or 2, or a group of the formula 

/ 

R*°-(X° )m-N 

\ 

wherein X° is -0C0-, -CO- or -N(R^i)CO- where R^^ is hydrogen or alkyi, m is 0 or 1, R^° is alkyI, 
alkynyl, 2-phenylethynyl, 2-thienylsulfonyl, -(CH2)aCN where a is an integer of 1 to 6, -(CH2)b-R^2 
where b is 0 or an integer of 1 to 6 and R^^ js cycloalkyi, morphlino, thienyl, alkoxy, aryl, imidazolyl or 
tetrahydropyranyl or -S02N(R^3)(R^*) where R^^ and R^"^ are the same or different and each is 
hydrogen, alkyi, or R^^ and R^"^, with the adjacent nitrogen atom, form a heterocycle, or 

adjacent R^^ and R^^ may combinedly form a saturated or unsaturated 5, 6 or 7-membered ring 
which is condensed to thiophene ring, said ring being optionally substituted by a substituent Ra^^ 
selected from hydrogen, halogen, alkyi, a group of the formula R^^-A- wherein each symbol is as 
defined above and a group of the formula (R2°)(R2i)NCO- or (R20)(R2i)N-SO2- wherein each symbol is 
as defined above, or R^^ and R^^ may combinedly form a 5, 6 or 7-membered hetero ring which may 
have oxygen, sulfur or -N(Rb^°)- as a hetero atom; 

examples of Rb^^ include hydrogen, alkyi, alkenyl, alkynyl, cycloalkyi, alkoxycarbonyl, alkanoyi, 
aroyi, cycloalkylcarbonyl, cycloalkoxycarbonyl, cycloalkylalkylcarbonyl cycloalkylalkoxycar- 
bonyl,cycloalkylaminocarbonyl, a group of the formula R^^-A- wherein each symbol is as defined above, 
a group of the formula (R2°)(R2i)NCO- wherein each symbol is as defined above, a group of the formula 
(R20)(R2i)N-SO2- wherein each symbol is as defined above, a group of the formula Ra2^-S02- wherein 
Ra^^ is alkyi, phenyl, phenyl substituted by halogen, alkyi, alkoxy, carboxy, alkylsulfonyl, alkylthio, 
haloalkyi or optionally substituted phenoxy, heteroaryl or naphthyl, a group of the formula 



Rb^^-NH-C- 

II 

wherein is oxygen atom or sulfur atom and Rb^^ is alkenyl, alkyi, cycloalkyi, aryl, aralkyi, heteroaryl, 
heteroarylalkyi, phenyl substituted by 1 to 3 substituents selected from alkyi, alkoxy, aryloxy, alkylsul- 
fonyl, halogen and haloalkyi, quinolyl or sulfonyl substituted by phenyl, heteroaryl or naphthyl, or a 
group of the formula 
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RC^^-S-CHz-C- 

II 

wherein is oxygen atom or sulfur atonn and Rc^^ is alkyi, phenyl substituted by phenyl, halogen, 
alkyi, alkoxy, haloalkyi or optionally substituted phenoxy, or heteroaryl; 

in the above definitions, aryl, aryloxy, aryloxyalkyi, arylcarbonyl, arylsulfonyl, aralkyi, aralkyloxy, 
aralkyloxycarbonyl, aralkenyl, aralkynyl, diarylalkyi, heteroaryl and heteroarylalkyi nnay have, on the 
ring, 1 to 3 substituents selected from halogen, alkyi, alkoxy, haloalkyi, hydroxy, nitro, amino, cyano 
and acyloxy; cycloalkyi of cycloalkyi, cycloalkylalkyi, cycloalkylcarbonyl, cycloalkylalkylcarbonyl, 
cycloalkoxycarbonyl, cycloalkylalkoxycarbonyl and cycloalkylaminocarbonyl may have 1 to 3 sub- 
stituents selected from halogen, alkyi, alkoxy, haloalkoxy and aryl. 

18. The method for treating osteoporosis according to Claim 17, comprising administering a compound of 
the formula (I) wherein W is -N(R^^)- where R^^ forms a bond with R^^, or a pharmaceutically 
acceptable salt thereof. 

19. The method for treating osteoporosis according to Claim 17, comprising administering a compound of 
the formula (I) wherein W is -N(R3^)- where R^^ forms a bond with R^^ and X and Y combinedly form 
= N-N = C{R^)- where R^ is as defined in Claim 17, or a pharmaceutically acceptable salt thereof. 

20. The method for treating osteoporosis according to Claim 17, comprising administering a compound of 
the formula (I) wherein W is -N(R3^)- where R^^ forms a bond with R^^ and X and Y combinedly form 
= N-N = C(R^')- where R^' is alkyi having 6 to 20 carbon atoms, or a pharmaceutically acceptable salt 
thereof. 

21. The method for treating osteoporosis according to Claim 17 or Claim 19, comprising administering a 
compound of the formula (I) wherein the ring Q is 




wherein R^^ and R^^ are as defined in Claim 17, or a pharmaceutically acceptable salt thereof. 

22. The method for treating osteoporosis according to Claim 21, comprising administering a compound of 
the formula (I) wherein W is -N(R2^)- where R^^ forms a bond with R^^, R is alkyi, aryl, heteroaryl, 
aralkyi, heteroarylalkyi or a group of the formula selected from the group consisting of: 

-(CH2)bN(R8)(R9) (1) 
-(CH2)bORio (2) 

Z 

-(CH2)bN{R^MCN(R^M(R'M (3) 

-(CH2)bN(RiO)CORaii (4) 
-{CH2)bN(Rio)S02R^^ (5) 
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-(CH2)bN(R^0)COOR*5 (6) 



Z 

-(CH2)bOCN(R^^ )(R'M 



-(CH2)bOCOR^^ (8) 

-(CH2)bCON(R^7)(R'^^) (9) 

-(CH2)bOS02R^^ (10) 
-(CH2)bCOR^3 (1-1) 

-(CH2)bS(0)nRii (12) 
-C0N(R^°)0R2 (13) 



z 

I' 



-CON(RiO)N(RiO)S02Raii (15) 



-N(RV° )CN(R'° )CORa^^ . . J^^? 

II • • 

-N(R'° )CN(R'° )S02Ra^ ' (1'^) 

-CON(R^0)N(R^0)(R^^) (18) 
-(CH2)bN(RiO)COCON(Rii)(Ri2) (19) 

and 

-(CH2)aC00Ri (20) 

wherein each symbol is as defined in Claim 17 and the ring Q is a group of the formula 

R^^ 

wherein each symbol is as defined in Claim 17, or a pharmaceutically acceptable salt thereof. 

23. The method for treating osteoporosis according to Claim 21 , comprising administering a compound of 
the formula (I) wherein W is -N(R3^)- wherein R^^ forms a bond with R^^, R is alkyi, aryl, aralkyi or a 
group of the formula selected from the group consisting of: 

-(CH2)bN(R8)(R9) (1) 
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Z 

-(CHz)bN(R^MCN(R^M(R'M 

-(CH2)bN(Rio)CORa^i (4) 
-(CH2)bN(Rio)S02R^^ (5) 
-(CH2)bN(Rio)COOR^5 (6) 

z 

-(CH2)b0cSN(R^^ )(R'M ^ 

-(CH2)bCON(R^7)(R48) (9) 

-(CH2)bOS02R^'^ (10) 
-(CH2)bCOR^3 (11) 
and 

-(CH2)aC00Ri (20) 

wherein each symbol is as defined in Claim 17 and the ring Q is a group of the formula 




wherein each symbol is as defined in Claim 17, or a pharmaceutically acceptable salt thereof. 

. The method for treating osteoporosis according to Claim 17, comprising administering a compound of 
the formula (I) which is selected from the group consisting of: 

9-tert-butyl-4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-6-methyl-6H-thieno[3,2-f][1 ,2,4]triazolo- 
[4,3-a][1 ,4]diazepine, 

3- [4-(2-chlorophenyl)-6,9-dimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-2-yl]propionic 
morpholide, 

4- (2-chlorophenyl)-6,9-dimethyl-2(3-morpholinopropyl)-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]- 
diazepine, 

4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-6-propyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3- 
a][1 ,4]diazepine, 

4-(2-chlorophenyl)-6-isobutyl-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo- 
[4,3-a][1 ,4]diazepine, 

4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-6-phenyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3- 
a][1 ,4]diazepine, 

6-benzyl-4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3- 
a][1 ,4]diazepine, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)-2- 
indolecarboxamide, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)-3- 
indoleacetamide, 
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6-benzoylamino-4-(2-chlorophenyl)2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3 

diazepine, 

4-(2-chlorophenyl)-2-ethyl-9-methyl-6-(3-(3-tolyl)ureido)-6H-thieno[3,2-f][1,2^ 
diazepine, 

8S-( + )-6-(2-chlorophenyl)-3-cyclopropanecarbony!-8,1 1 -dimethy!-2,3,4,5-tetrahydro-8H-pyrido- 
[4',3':4,5]thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine, 

6-(2-chlorophenyl)-8,9-dihydro-1,4-dimethyl-8-morpholinocarbonyl-4H JH-cyclopenta[4,5]^^ 
f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine, 

(4-(4-chlorophenyl)-2-ethy!-9-methy!-6H-thieno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepin-6-yl)acetic 
acid, 

N-(2-methoxyphenyl)-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]^^^ 
diazepin-6-yl)acetamide, 

N-phenyl-(4-(4-chloropheny!)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1^ 

yl)acetamide, 

N-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diaze 
toiuenesulfonamide, 

(4-(4-methoxyphenyl)-2-ethy!-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4 
methylphenyl)carbamate, 

4-(2-chlorophenyl)-2-ethyl-9-methyl-6-phenylacety!amino-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1^ 
diazepine, 

N-(4-chlorophenyl)-N'-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]t^^ 

diazepin-6-yl)urea, 

N-(4-(4-chlorophenyl)-2-ethyl-9-nriethyl-6H-thieno[3,24][1,2,4]triazolo[4,3-a][1,4]dlazepin-^^^ 
nnethoxyphenyl)urea, 

N-(4-(4-ch!orophenyl)-2-hexyl-9-nnethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-^ 

methylphenyl)urea, 

N-(4-(2-chlorophenyl)-2,3,9-trinnethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl^ 
methylphenyl)urea, 

N-(4-(2-chlorophenyl)-9-cyclohexyl-2-ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1^ 
(3-methoxyphenyl)urea, 

N-(2-ethyl-9-nriethyl-4-(4-nnethylphenyl)-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diaz 
nnethylphenyl)urea, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H4hleno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diaz 
phenylurea, 

N-(2-ethyl-9-nriethyl-4-phenyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)-N'-(^^ 
nnethylphenyl)urea, 

N-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thleno[3,2-f][1,2,4]triazolo[4,3-a][1,4]d^ 
methoxyphenyl)urea, 

N-(4-(2-chlorophenyl)-2-ethyl-9-nfiethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazep^ 
phenylthiourea, 

N-(2-butyl-4-(4-chlorophenyl)-9-methyl-6H-thieno[3,2-f][l,2,4]triazolo[4,3-a][1,4]dia^^ 
methylphenyl) urea, 

N-(4-(2-chlorophenyl)-2-ethyl-9-cyclohexyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diaze^ 
(2-methylphenyl)urea, 

4-(4-chlorophenyl)-2-ethyl-9-methyl-6-(3-phenylpropyl)-6H-thieno[3,2-f][1,2,4]triazol^ 
diazepine, 

2-ethyl-4-phenyl-9-undecyl-4H,6H-thieno[2,3-e][1,2,4]triazolo[3,4-c][1,4]oxazepine, 
6-(2-chlorophenyl)-1 -undecyl-7,8,9,1 0-hexahydro-4H,6H-triazolo[3,4-c][1 ]benzothieno[2,3-e][1 ,4]- 

oxazepine, 

4-(2-chlorophenyl)-2-(2-(4Hsobutylphenyl)ethyl)-9-naethyl-4H,6H-thieno[2,3-e][1,2,4]W 
[1 ,4]oxazepine, 

4-(4-chlorophenyl)-2-ethyl-9-(3-(4-isobutylphenyl)propyl)-4H,6H-thieno[2,3-e][1,2,4]triazolo[^ 

[1 ,4]oxazepine, 

2-ethyl-9-heptyl-4-(4-nnethoxyphenyl)-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4-c][1 ,4]oxazepine, 
2-ethyl-4-(4-nnethylphenyl)-9-undecyl-4H,6H-thieno[2,3-e][1,2,4]triazolo[3,4-c][1,4]oxazepine, 
2-ethyl-4-(4-hydroxyphenyl)-9-undecyl-4H,6H-thieno[2,3-e][1,2,4]triazo!o[3,4-c][1 ,4]oxazepine and 
2-ethyl-4-(4-(2-dinnethylaminoethoxy)phenyl)-9-undecyl-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4-c][1 ,4] 
oxazepine, 
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or a pharmaceutically acceptable salt thereof. 

25. The method for treating osteoporosis according to Claim 17 or Claim 20, comprising administering a 
compound of the formula (I) wherein the ring Q is a group of the formula 




wherein R^^ and R^^ are as defined in Claim 17, or a pharmaceutically acceptable salt thereof, 

26. The method for treating osteoporosis according to Claim 25, comprising administering a compound of 
the formula (I) wherein the ring Q is a group of the formula 




wherein R^^ and R^^ are as defined in Claim 17, W is -N(R2^)- where R^^ is hydrogen or forms a bond 
with R3^ or -0-, R is hydrogen, heteroarylalkyi or a group of the formula selected from the group 
consisting of: 

Z 

-(CH2)bN(R^MCN(R^M(R'M (3) 

-(CH2)bN(Rio)S02R^^ (5) 
-(CH2)bN(RiO)COOR^5 (6) 

Z 
II 

-(CH2)bOCN(R^^ )(R'M (7) 

-(CH2)bOCOR^^ (8) 

-(CH2)bCON(R^0(R'^^) (9) 
-(CH2)bOS02R^^ (10) 
-CON(RiO)OR8 (13) 
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II 

-CONCR^MNCR^"* )CRa^' 



(14) 



Z 
II 

-N(R' " )CN(R' ° )CORa* ' 



(16) 



Z 

I! 

-N(R* " )CN(R*'' )S02Rai ^ 



(17) 



and 



-CON(R10)N(R10)(R^^) (18) 

wherein each symbol is as defined in Clainn 17, and R' is hydrogen or -COOR^ wherein R^ is as 
defined In Claim 17, or R and R' combinedly form a spiro ring of the formula 



wherein each symbol is as defined in Claim 17, or a pharmaceutically acceptable salt thereof. 

. The method for treating osteoporosis according to Claim 17, comprising administering a compound of 
the formula (1) which is selected from the group consisting of: 

6-(4-chlorophenyl)-1 -undecyl-4H,6H-[1 ,2,4]triazol[4,3-a][1 ,4]benzoxazepine, 

8- decyl-1 ,4-dlmethyl-6-phenyl-4H-[1 ,2,4]trlazolo[4,3-a][1 ,4]benzodiazepine, 

9- decyl-1 ,4-dlmethyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodlazepine, 
6-(4-chlorophenyl)-1 -undecyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
6-(4-chlorophenyl)-1 -undecyl-4H,5H,6H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
6-(4-chlorophenyl)-1-(3-(isobutylphenyl)propyl)-4H-[1,2,4]triazolo[4,3-a][1,4]benzodlazepine, 
N-benzoyl-N'-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(2-pyridyl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(3-pyridyl)urea, 
N-(8-chloro-1 -methyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodlazepin-4-yl)-N'-(2- 

methoxyphenyl)urea, 

N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(2- 
methoxyphenyl)urea, 

N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]trlazolo[4,3-a][1,4]benzodlazepln-4-yl)-N'-(3-tolyl)urea, 
N-(6-(4-chloropheny l)-1 -methyl-4H-[1 ,2,4]trlazolo[4,3-a][1 ,4]benzodlazepln-4-yl)-N'-phenyl- 

oxalyldiamide, 

N-(1-(methyl-6-(2-thienyl)-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N'-(3-tolyl)urea, 
6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepine-4-splro-5'-(3'-(3-tolyl)-2',4'- 
dioxolmidazolidlne), 

N-(6-(4-chlorophenyl)-4-ethoxycarbonyl-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)- 
N'-(3-tolyl)urea, 




\ 



1 0 
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(1-methyl-6-pheny!-4H-[1,2,4]triazo!o[4,3-a][1 ,4]benzodiazepin-4-y!)methyl-p-toluenesulfonate, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl-N'-(2- 
methoxyphenyl)urea, 

N-[6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]trlazolo[4,3-a][1 ,4]benzodiazepln-4-yl)methyl]-N'- 
urea, 

N-(3-tolyl)-0-((1-methyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl)carbamate, 
N-(2-methoxyphenyl)-0-((1-methyl-6-phenyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)m 
carbamate, 

(1-methyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl phenylacetate, 
6-(4-chlorophenyl)-4-(3-indolylmethyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-0-benzyl carba- 
mate, 

N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)benzylsulfonamide, 
(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)carbohydrazide, 
N'-p-tosyl-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 
carbohydrazide, 

0-benzyl-N-(6-(4-chlorophenyl)-1 -methy!-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 

carbohydroxamate, 

N-benzyl-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine-1 -yl)- 
carboxamide, 

N-(6-(4-chlorophenyl)-1 -methy!-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl-2- 

indolecarboxamide, 

N-benzyl-N'-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]trlazolo[4,3-a][1,4]benzodiazepln-4-yl)urea, 
N-(6-(4-chloropheny!)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N'-(cyclohexyl)urea, 
N-(6-(4-chloropheny!)-1 -methyl-4H-[1 ,2,4]triazo!o[4,3-a][1 ,4]benzodiazepin-4-yl)-2- 

indolecarboxamide, 

8-chloro-6-(2-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
8-chloro-6-phenyl-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine and 
8-chloro-6-(2-chlorophenyl)-4H-lmidazo[1 ,2-a][1 ,4]benzodiazepine, 
or a pharmaceutically acceptable salt thereof. 

. A use for producing a therapeutic agent for osteoporosis, of an azepine compound or a pharmaceuti- 
cally acceptable salt thereof of the formula 



Ar is aryl or heteroaryl; 

X is an oxygen atom or a sulfur atom; 

Y is hydrogen, alkyi, alkenyl, alkynyl, -(CH2)aC00Ri 
wherein is hydrogen, alkyi, aryl or aralkyi and a is an integer of 1 to 6, -(CH2)a-cycloalkyl wherein a 
is an integer of 1 to 6, -(CH2)aN(R2)(R3) wherein a is an integer of 1 to 6 and R^ and R^ are the same or 
different and each is hydrogen, alkyi or aralkyi, or form, together with the adjacent nitrogen atom, a 
heterocycle, -(CH2)bCON(R^i)(R^2) wherein b is 0 or an integer of 1 to 6, and R^^ and R^^ ^j^q 

same or different and each is hydrogen, alkyi, aryl or aralkyi, or form, together with the adjacent 

nitrogen atom, a heterocycle, -(CH2)aCN wherein a is an integer of 1 to 6, or -(CH2)aCR'^3 wherein a is 
an integer of 1 to 6 and R"^ is halogen, or 



Ar R'' 




(I) 



wherein 
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X and Y combinedly form =N-N = C(R^)-, = N-C(R^) = C(R^)-, = C(R5)-N = C(R^h =N-0-CO- or 
= N-N(R^)-CO- wherein R^ and R^ are each hydrogen, halogen, alkyi, alkenyl, alkynyl, cycloalkyi, 
cycloalkylalkyi, aryl, heteroaryl, aralkyi, heteroarylalkyi, aryloxyalkyi, -(CH2)aC00R^ wherein a is an 
integer of 1 to 6 and R^ is hydrogen, alkyI, alkenyl or aralkyi, or -(CH2)aNHCOR'^2 wherein a is an 
integer of 1 to 6 and R*^ is alkyI or aralkyi; 

W is -N(R3^)- wherein R^^ is hydrogen or forms a bond with R^^, -O- or -S-; 

R^^ is hydrogen or forms a bond with R^^ ; 

R is hydrogen, alkyI, haloalkyi, aryl, heteroaryl, aralkyi, heteroarylalkyi or a group of the formula 
selected from the group consisting of: 

-(CH2)bN(R8)(R9) (1) 
-(CH2)bORi° (2) 

Z 

-(CH2)bN(R^°)CN{R^M(R'M (3) 

-(CH2)bN(R^0)CORaii (4) 
-(CH2)bN(Rio)S02R^^ (5) 
-(CH2)bN(R^0)COOR'^5 (6) 

z 

-(CH2)bOCN(R^^ )(R'M (7) 

-(CH2)bOCOR^^ (8) 
-(CH2)bCON(R^7)(R^8) (9) 

-(CH2)bOS02R^^ (10) 
-(CH2)bCOR^9 (11) 
-(CH2)bS(0)nR^^ (12) 
-CON(Rio)ORS (13) 

Z 

-CON(R^° )N(R^° )CRa^^ (14) 

-CON(RiO)N(RiO)S02Rai^ (15) 
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Z- 
II 

-N(R*"')CN(R''')CORa 



1 1 



(16) 



z ^ ■■■■ ■■ 
H 

-NCR*" )CN(R»°)S02Ra 



1 1 



(17) 



-CON(RiO)N(RiO)(Rii) (18) 



-(CH2)bN(R^0)COCON(R")(Ri2) (19) 



11UR12) 



and 

-(CH2)aC00Ri (20) 

wherein b is 0 or an integer of 1 to 6, Z is an oxygen atom or sulfur atom, R^ and R^ are the same or 
different and each is hydrogen, alkyi, aryl or aralkyi, R^° is hydrogen, aikyi or aralkyi, R^^ and R^^ are 
the same or different and each is hydrogen, alkyI, cycioalkyi, cycloalkylalkyl, aryl, aralkyi, heteroaryl or 
heteroarylalkyi, Ra^^ is alkyI, cycioalkyi, cycloalkylalkyl, aryl, aralkyi, heteroaryl or heteroarylalkyi, R"^"^ is 
alkyI, aryl, aralkyi, cycioalkyi or heteroaryl, R"^^ is alkyI, aryl or aralkyi, R"^^ is alkyI, alkenyl, alkynyl, 
cycioalkyi, cycloalkylalkyl, aryl, aralkyi, heteroaryl or heteroarylalkyi, R^^ and R"^^ are the same or 
different and each is hydrogen, alkyI, acyl, aryl or aralkyi, R*^ is alkyI, aryl, aralkyi, heteroaryl or 
heteroarylalkyi, n is 0, 1 or 2, a is an integer of 1 to 6 and R^ is hydrogen, alkyI, aryl or aralkyi; 

R' is hydrogen or -COOR^ wherein R^ is hydrogen, alkyI, aryl or aralkyi, or 

R and R' combinedly form a spiro ring of the formula 



0 




(CH2)b^— N 




\ 



R 



1 0 



wherein b' is 0 or 1, R^° is hydrogen, alkyI or aralkyi and R^^ is hydrogen, alkyI, cycioalkyi, 
cycloalkylalkyl, aryl, aralkyi, heteroaryl or heteroarylalkyi; 
ring Q is a ring selected from the group consisting of: 



I 7 



R 



R 



1 5 



1 6 





and 



R 



1 7 



R 



1 8 




wherein R""^ and R""^ are the same or different and each is hydrogen, halogen, alkyI optionally 
substituted by halogen, alkoxy, nitro, amino, amino substituted by alkyI, cyclic amino, hydroxy, acyloxy, 
cyano, carbamoyl, carbamoyl substituted by alkyI, cyclic aminocarbonyl, carboxyl, alkoxycarbonyl or 
aralkyloxycarbonyl, aralkyi, aralkyi substituted by alkyI, alkoxy, nitro, amino, amino substituted by alkyI, 
cyclic amino, hydroxy, acyloxy, cyano, carbamoyl, carbamoyl substituted by alkyI, cyclic aminocar- 
bonyl, carboxyl, alkoxycarbonyl or aralkyloxycarbonyl. 
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R^^ and R^^ are the same or different and each is hydrogen, halogen, allcyl, alkenyl, alkynyl, 
haloalkyi, alkoxy, nitro, amino, amino substituted by alkyi, cyclic amino, hydroxy, acyloxy, cyano, 
carbamoyl, carbamoyl substituted by alkyI, cyclic aminocarbonyl, carboxyl, alkoxycarbonyl, aralkylox- 
ycarbonyl, cycloalkyi, alkylcarbonyl, a group of the formula 

6 

R19-A- 

wherein A is alkylene, alkenylene or alkynylene which may be substituted by 1 to 3 hydroxys and R^^ 
is alkoxy, nitro, amino, hydroxy, acyloxy, cyano, carboxyl, alkoxycarbonyl, aralkyloxycarbonyl, phenyl 
10 optionally substituted by 1 to 3 substituents (e.g. halogen, hydroxy, alkyI, alkoxy, aryl, aryloxy, aralkyi, 
aralkyloxy, alkenyl or alkynyl having 2 to 18 carbon atoms, which may be substituted by 1 to 3 
hydroxys, aralkenyl or aralkynyl having alkenyl moiety or alkynyl moiety having 2 to 18 carbon atoms, 
which may be substituted by 1 to 3 hydroxys), a group of the formula 

75 (R20)(R2i)NCO- or (R20)(R2i)N-SO2- 

wherein R2° and R^^ are the same or different and each is hydrogen, aryl, aralkyi or straight- or 
branched chain alkyI, alkenyl or alkynyl which may be substituted by halogen, hydroxy, nitro, amino or 
substituted amino, or R2° and R^^ may, together with the adjacent nitrogen atom, form a 3 to 7- 
20 membered ring which may be substituted by straight- or branched chain alky! and may have, in the 
ring, nitrogen, oxygen or sulfur atom as a hetero atom (the additional nitrogen atom may be substituted 
by straight- or branched chain alkyI having 1 to 4 carbon atoms, aralkyi or diarylalkyi), a group of the 
formula 

25 (R22)(R23)N. 

wherein R22 and R23 are the same or different and each is hydrogen, straight- or branched chain alkyI, 
alkenyl or alkynyl, which may be substituted by halogen, hydroxy, amino, alkylamino, dialkylamino, 
cyclic amino or C-bonded heterocyclic group (carbons may be interrupted by nitrogen, oxygen or sulfur 

30 atom), straight- or branched chain alkylcarbonyl which may be mono- or di-substituted by hydroxy, 
halogen, amino, alkylamino, dialkylamino, cyclic amino or straight- or branched chain alkyI (this alkyI 
may be substituted by halogen or hydroxy), arylcarbonyl, arylsulfonyl, alkylsulfonyl, or R22 and R23 may 
form, together with the adjacent nitrogen atom, a saturated or unsaturated 3 to 7-membered ring which 
may be substituted by straight- or branched chain alkyI and may have, in the ring, nitrogen, oxygen or 

35 sulfur atom as a hetero atom (each additional nitrogen atom may be substituted by straight- or 
branched chain alkyI), a group of the formula 

/ \ 

40 « - X* N 

\ / 

wherein R^^ is aryl, aralkyi, arylcarbonyl, a group of the formula 

45 




55 

wherein R^^ and R^^ are the same or different and each is hydrogen, halogen, haloalkyi, amino, nitro, 

cyano, hydroxy, alkyI or alkoxy and B is hydrogen, hydroxy or esterified hydroxy, or alkyI having 
hydroxy and/or carbonyl and is CH or nitrogen atom, or a group of the formula 
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\ 
1 

/ 



wherein R^^ and R^^ are the sanne or different and each is hydrogen, halogen, haloalkyi, annino, nitro, 
cyano, hydroxy, alkyi or alkoxy, 
a group of the fornnula 

R29-(CH2)d-C=C- 

wherein R^^ is aryl or optionally hydrogenated heteroaryl and d is 0, 1 or 2, a group of the fornnula 
R29-0-(CH2)e-C=C- 

wherein R^^ is as defined above and e is 1 or 2, or a group of the formula 



wherein X° is -0C0-, -CO- or -N(R^^)CO- where R^^ is hydrogen or alkyi, m is 0 or 1, R^° is alkyi, 
alkynyl, 2-phenylethynyl, 2-thienyisulfonyl, -(CH2)aCN where a is an integer of 1 to 6, -(CH2)b-R^2 
where b is 0 or an integer of 1 to 6 and R^^ \q cyoloalkyi, nnorphlino, thienyl, alkoxy, aryl, innidazolyl or 
tetrahydropyranyl or -S02N(R^3)(R^^) where R^^ and R^* are the sanne or different and each is 
hydrogen, alkyi, or R^^ and R^"^, with the adjacent nitrogen atonn, fornn a heterocycie or 

adjacent R^^ and R^^ may combinedly form a saturated or unsaturated 5, 6 or 7-membered ring 
which is condensed to thiophene ring, said ring being optionally substituted by a substituent Ra^^ 
selected from hydrogen, halogen, alkyi, a group of the formula R^^-A- wherein each symbol is as 
defined above and a group of the formula (R2°)(R2i)NCO- or (R20)(R2i)N-SO2- wherein each symbol is 
as defined above, or R^^and R^' may combinedly form a 5, 6 or 7-membered hetero ring which may 
have oxygen, sulfur or -N(Rb2°)- as a hetero atom; 

examples of Rb^^ include hydrogen, alkyi, alkenyl, alkynyl, cycloalkyi, alkoxycarbonyl, alkanoyi, 
aroyi, cycloalkyicarbonyi, cycloaikoxycarbonyi, cycloaikyialkyicarbonyl, cycloalkyiaikoxycarbonyi, 
cycloalkyiaminocarbonyi, a group of the formula R^^-A- wherein each symbol is as defined above, a 
group of the formula (R2°)(R2i)NCO- wherein each symbol is as defined above, a group of the formula 
(R20)(R2i)N-SO2- wherein each symbol is as defined above, a group of the formula Ra3^-S02- wherein 
Ra^^ is alkyi, phenyl, phenyl substituted by halogen, alkyi, alkoxy, carboxy, alkylsulfonyl, alkylthio, 
haloalkyi or optionally substituted phenoxy, heteroaryl or naphthyl, a group of the formula 



wherein is oxygen atom or sulfur atom and Rb^^ is alkenyl, alkyi, cycloalkyi, aryl, aralkyi, heteroaryl, 
heteroarylalkyi, phenyl substituted by 1 to 3 substituents selected from alkyi, alkoxy, aryloxy, alkylsul- 
fonyl, halogen and haloalkyi, quinolyl or sulfonyl substituted by phenyl, heteroaryl or naphthyl, or a 

group of the formula 




il 



V 
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Rc^^-S-CHz-C- 

II 

wherein is oxygen atom or sulfur atonn and Rc^^ is alkyi, phenyl substituted by phenyl, halogen, 
alkyi, alkoxy, haloalkyi or optionally substituted phenoxy, or heteroaryl; 

in the above definitions, aryl, aryloxy, aryloxyalkyi, arylcarbonyl, arylsulfonyl, aralkyi, aralkyloxy, 
aralkyloxycarbonyl, aralkenyl, aralkynyl, diarylalkyi, heteroaryl and heteroarylalkyi nnay have, on the 
ring, 1 to 3 substituents selected from halogen, alkyi, alkoxy, haloalkyi, hydroxy, nitro, amino, cyano 
and acyloxy; cycloalkyi of cycloalkyi, cycloalkylalkyi, cycloalkylcarbonyl, cycloalkylalkylcarbonyl, 
cycloalkoxycarbonyl, cycloalkylalkoxycarbonyl and cycloalkylaminocarbonyl may have 1 to 3 sub- 
stituents selected from halogen, alkyi, alkoxy, haloalkoxy and aryl. 

29. The use according to Claim 28, of a compound of the formula (I) wherein W is -N(R2^)- where R^^ 
forms a bond with R^^ , or a pharmaceutically acceptable salt thereof for producing a therapeutic agent 
for osteoporosis. 

30. The use according to Claim 28, of the compound of the formula (I) wherein W is -N(R2^)- where R^^ 
forms a bond with R^^ and X and Y combinedly form =N-N = C(R^)- where R^ Is as defined in Claim 
28, or a pharmaceutically acceptable salt thereof for producing a therapeutic agent for osteoporosis. 

31. The use according to Claim 28, of the compound of the formula (I) wherein W is -N(R2^)- where R^^ 
forms a bond with R^^ and X and Y combinedly form =N-N = C(R^')- where R^' is alkyi having 6 to 20 
carbon atoms, or a pharmaceutically acceptable salt thereof for producing a therapeutic agent for 
osteoporosis. 

32. The use according to Claim 28 or Claim 30, of a compound of the formula (I), wherein the ring Q is 




wherein R^^ and R^^ are as defined in Claim 28, or a pharmaceutically acceptable salt thereof for 
producing a therapeutic agent for osteoporosis. 

33. The use according to Claim 32, of a compound of the formula (I) wherein W is -N(R2^)- where R^^ 
forms a bond with R^^, R is alkyI, aryl, heteroaryl, aralkyi, heteroarylalkyi or a group of the formula 
selected from the group consisting of: 

-(CH2)bN(R8)(R9) (1) 
-(CH2)bORio (2) 

Z 

-(CH2)bN(R^MCN(R^M(R'M (3) 

-(CH2)bN(RiO)CORaii (4) 
-(CH2)bN(Ri°)S02R^^ (5) 
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-(CH2)bN(Ri°)COOR^5 (g) 



Z 

-(CHz)bOCN(R^^ )(R'M (7) 



-(CH2)bOCOR^s (8) 
-(CH2)bCON(R^7)(R^^) (9) 
-(CH2)bOS02R^^ (10) 
-(CH2)bCOR^9 (11) 
-(CH2)bS(0)nRii (12) 
-CON(R10)OR8 (13) 



Z 

-'CON(R'MN(R'°)CRa^^ (14) 



-CON(Ri° )N(Rio )S02 Ra^ ^ (1 5) 



Z 

N(R^MCN(R^° )CORa^^ - (16) 
Z 

•N(R^°)CN(R^°)S02Ra^^ (17) 



-CON(R10)N(R10)(R11) (18) 
-(CH2)bN(RiO)COCON(Ri^)(R^2) (^g) 

and 

-(CH2)aC00Ri (20) 

wherein each symbol is as defined in Claim 28 and the ring Q is a group of the formula 




wherein each symbol is as defined in Claim 28, or a pharmaceutically acceptable salt 
producing a therapeutic agent for osteoporosis. 
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10 



45 



34. The use according to Claim 32, of a compound of tlie formula (I) wherein W is -N(R^^)- wherein R^^ 
forms a bond with R^^, R is alkyi, aryl, aralkyi or a group of the formula selected from the group 
consisting of: 



-(CH2)bN(R8)(R9) (1) 



Z 

-{CH2)bN(R^MCN(R^M(R'M (3) 



-(CH2)bN(Rio)CORaii (4) 
75 -(CH2)bN(Ri0)SO2R^^ (5) 

-(CH2)bN(RiO)COOR*5 (6) 



20 Z 

-(CH2)bOCN(RV.)(R^M (7) 

25 -(CH2)bCON(R*7)(R^8) (9) 

-(CH2)bOS02R^^ (10) 
-(CH2)bCOR^9 (11) 

30 

and 

-(CH2)aC00Ri (20) 

35 wherein each symbol is as defined in Claim 28 and the ring Q is a group of the formula 
40 R^* 



wherein each symbol is as defined in Claim 28, or a pharmaceutically acceptable salt thereof, for 
producing a therapeutic agent for osteoporosis. 



35. The use according to Claim 28, of a compound of the formula (I) which is selected from the group 
consisting of: 

9-tert-butyl-4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-6-methyl-6H-thieno[3,2-f][1,2,4]triazolo- 
[4,3-a][1 ,4]diazepine, 

50 3-[4-(2-chlorophenyl)-6,9-dimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-2-yl]propionic 
morpholide, 

4-(2-chlorophenyl)-6,9-dimethyl-2-(3-morpholinopropyl)-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]- 

diazepine, 

4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-6-propyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3- 
55 a][1 ,4]diazeplne, 

4-(2-chlorophenyl)-6-isobutyl-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo- 
[4,3-a][1 ,4] diazepine, 

4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-6-phenyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3- 
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a][1 ,4]diazepme, 

6-benzyl-4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-6H-thieno[3,2-^^ ,2,4]trlazolo[4,3 
a][1 ,4]diazepine, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thleno[3,2-f][1,2,4]triazolo[4,3-a][1,^ 
indolecarboxamide, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]tnazolo[4,3-^^^ 
indoleacetamide, 

6-benzoy!amino-4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]- 
diazepine, 

4-(2-chlorophenyl)-2-ethyl-9-methyl-6-(3-(3-tolyl)ureido)-6H-thieno[3,2-f][1,2,4]t^ 
diazepine, 

8S-( + )-6-(2-chlorophenyl)-3-cyclopropanecarbony 1-8,1 1 -dimethyl-2,3,4,5-tetrahydro-8H-pyrido- 
[4',3':4,5]thleno[3,2-f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine, 

6-(2-chlorophenyl)-8,9-dihydro-1,4-dimethyl-8-morpholinocarbonyl-4H,7H-cyclopenta[4,5]^^ 
f][1 ,2,4]triazolo[4,3-a][1 ,4]diazepine, 

(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]trlazo!o[4,3-a][1,4]diazepin 
acid, 

N-(2-methoxyphenyl)-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]^^^ 
diazepin-6-yl)acetamide, 

N-phenyl-(4-(4-chloropheny!)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[^ 
yl)acetamide, 

N-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]di^ 
toluenesulfonamide, 

(4-(4-methoxypheny!)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4][triazolo[4,3-a][1,4]diazepin-^^^ 
methylphenyl)carbamate, 

4-(2-chlorophenyl)-2-ethyl-9-methyl-6-phenylacetylamino-6H-thieno[3,2-f][1,2,4]^^^ 
diazepine, 

N-(4-ch!orophenyl)-N'-(4-(4-chloropheny!)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]th 

diazepin-6-yl)urea, 

N-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diaze 
methoxyphenyl)urea, 

N-(4-(4-chlorophenyl)-2-hexyl-9-methy!-6H-thieno[3,2-f][1,2,4]triazolo[4.3-a][1,4]diazepin 

methylphenyl)urea, 

N-(4-(2-chlorophenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-^^^ 
methylphenyl)urea, 

N-(4-(2-chloropheny!)-9-cyc!ohexyl-2-ethyl-6H-thleno[3,2-f][1,2,4]triazolo[4,3-a][1,4]di 
(3-methoxyphenyl)urea, 

N-(2-ethyl-9-methyl-4-(4-methylphenyl)-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepi 
methylphenyl)urea, 

N-(4-(2-chloropheny!)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepi 

phenylurea, 

N-(2-ethyl-9-methyl-4-phenyl-6H-thieno[3,2-f][1.2,4]triazolo[4,3-a][1,4]diazepin-6-yl)-N'-(3^ 
methylphenyl)urea, 

N-(4-(4-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-^^^ 

methoxyphenyl)urea, 

N-(4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diaze 
phenylthiourea, 

N-(2-buty!-4-(4-chloropheny!)-9-methyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-^^^ 

methylphenyl)urea, 

N-(4-(2-chlorophenyl)-2-ethyl-9-cyclohexyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepi 
(2-methylpheny!)urea, 

4-(4-ch!orophenyl)-2-ethyl-9-methy!-6-(3-phenylpropyl)-6H-thieno[3,2-f][1,2,4]tria^^ 

diazepine, 

2-ethyl-4-phenyl-9-undecyl-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4-c][1 ,4]oxazepine, 
6-(2-chlorophenyl)-1 -undecyl-7,8,9,1 0-hexahydro-4H,6H-triazolo[3,4-c][1 ]benzothieno[2,3-e][1 ,4]- 
oxazepine, 

4-(2-chlorophenyl)-2-(2-(4-isobutylphenyl)ethyl)-9-methyl-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4-c]- 
[1 ,4]oxazepine, 
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4-(4-chlorophenyl)-2-ethyl-9-(3-(4HsobutyIphenyl)propyl)-4H,6H-thieno[2,3-e][1,2,4^^^^ 

[1 ,4]oxazepine, 

2-ethyl-9-heptyl-4-(4-methoxyphenyl)-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4-c][1 ,4]oxazepine, 
2-ethyl-4-(4-methylphenyl)-9-undecyl-4H,6H-thieno[2,3-e][1,2,4]triazolo[3,4-c][1,4]oxazepine, 
2-ethyl-4-(4-hydroxyphenyl)-9-undecyl-4H,6H-thieno[2,3-e][1,2,4]triazolo[3,4-c][1 ,4]oxazepine and 
2-ethyl-4-(4-(2-dimethylaminoethoxy)phenyl)-9-undecyl-4H,6H-thieno[2,3-e][1 ,2,4]triazolo[3,4-c][1 ,4]- 
oxazepine, 

or a pharmaceutically acceptable salt thereof, for producing a therapeutic agent for osteoporosis. 

36. The use according to Clainn 28 or Clainn 31 , of a compound of the formula (I) wherein the ring Q is a 
group of the formula 



wherein R^^ and R^^ are as defined in Claim 28, or a pharmaceutically acceptable salt thereof, for 
producing a therapeutic agent for osteoporosis. 

37. The use according to Claim 36, of a compound of the formula (I) wherein the ring Q is a group of the 



wherein R^^ and R^^ are as defined in Claim 28, W is -N(R2^)- where R^^ is hydrogen or forms a bond 
with R^^ or -0-, R is hydrogen, heteroarylalkyi or a group of the formula selected from the group 

consisting of: 




formula 




Z 
II 

-(CH2)bN(R^° )CN(R^M(R'M 



(3) 



-(CH2)bN(Ri0)SO2R^'^ 



(5) 



-(CH2)bN(Rio)QooR^5 



(6) 



-(CHz ) 



z 

II 

bOCN(R^^ )(R'M 



(7) 



-(CH2)bOCOR^^ 



(8) 



-(CH2)bCON(R*7)(R*^) 



-(CH2)bOS02R^^ 



(10) 



-CON(Rio)OR8 



(13) 
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Z 



II 

-CON(R"')N(R^°)CRa'* 



(14) 



Z 
II 

-N(R'°)CN(R*'')CORa'' 



(16) 



Z 



II 

-N(R*"' )CN(R» ° )SOiRa 



1 1 



(17) 



and 



-CON(RiO)N(R^O)(R^i) (18) 

wherein each symbol is as defined in Clainn 28, and R' is hydrogen or -COOR^ wherein R^ is as 
defined in Claim 28, or R and R' combinedly form a spiro ring of the formula 



wherein each symbol is as defined in Claim 28, or a pharmaceutically acceptable salt thereof, for 
producing a therapeutic agent for osteoporosis. 

. The use according to Claim 28, of a compound of the formula (I) which is selected from the group 
consisting of: 

6-(4-chlorophenyl)-1 -undecyl-4H,6H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzoxazepine, 

8- decyl-1 ,4-dimethyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine. 

9- decyl-1 ,4-dimethyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
6-(4-chlorophenyl)-1 -undecyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
6-(4-chlorophenyl)-1 -undecyl-4H,5H,6H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
6-(4-chlorophenyl)-1-(3-(isobutylphenyl)propyl)-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepine, 
N-benzoyl-N'-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(2-pyridyl)urea, 
N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N'-(3-pyridyl)urea, 
N-(8-chloro-1 -methyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(2- 

methoxyphenyl)urea, 

N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(2- 
methoxyphenyl)urea, 

N-(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N*-(3-tolyl)urea, 
N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-phenyl- 
oxalyldiamide, 

N-(1-methyl-6-(2-thienyl)-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)-N'-(3-tolyl)urea, 
6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepine-4-spiro-5'-(3'-(3-tolyl)-2*,4*- 

dioxoimidazolidine), 

N-(6-(4-chlorophenyl)-4-ethoxycarbonyl-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)- 




\ 
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N'-(3-tolyl)urea, 

(1-methyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl-p-toluenesulfonate. 
N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl-N'- 
methoxyphenyl)urea. 

N-[6-(4-ch!orophenyl)-1 -methy!-4H-[1 ,2,4]triazol[4,3-a][1 ,4]benzodiazepin-4-yl)methyl]-^ 

urea, 

N-(3-tolyl)-0-((1-methyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)methyl)carbamate, 
N-(2-methoxyphenyl)-0-((1-methyl-6-phenyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-4-yl)meth 
carbamate, 

(1 -nnethyl-6-phenyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benodiazepin-4-yl)methyl phenylacetate, 
6-(4-chlorophenyl)-4-(3-indolylmethyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-0-benzyl carba- 
mate, 

N-(6-(4-chlorophenyl)-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)benzylsulfonamide, 
(6-(4-chlorophenyl)-1-methyl-4H-[1,2,4]triazol[4,3-a][1,4]benzodiazepin-4-yl)carbohydrazide, 
N*-p-tosyl-(6-(4-chloropheny!)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 
carbohydrazide, 

0-benzyl-N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)- 
carbohydroxamate, 

N-benzyl-(6-(4-ch!orophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine-1 -yl)- 
carboxamide, 

N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]trlazolo[4,3-a][1 ,4]benzodlazepin-4-yl)methyl-2- 
indolecarboxamide, 

N-benzyl-N'-(6-(4-chlorophenyl)-1-methy!-4H-[1,2,4]triazo!o[4,3-a][1,4]benzodlazepin-4-yl)urea, 
N-(6-(4-ch!orophenyl)-1-methy!-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-N'-(cyclohexyl)urea. 
N-(6-(4-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepin-4-yl)-2- 
indolecarboxamide, 

8-ch!oro-6-(2-chlorophenyl)-1 -methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine, 
8-chloro-6-phenyl-1-methyl-4H-[1 ,2,4]triazolo[4,3-a][1 ,4]benzodiazepine and 
8-chloro-6-(2-chlorophenyl)-4H-imidazo[1 ,2-a][1 ,4]benzodiazepine, 
or a pharmaceutically acceptable salt thereof for producing a therapeutic agent for osteoporosis. 
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